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l3M. ApK. N° doKyM. ffidnuc Mama 
. Cucoeea 
Po3paxyHOK pextiMie po6omu 
ma eu6ip ycmamKyeaHHn 
eneKmpw-iHO'i Mepexi 
Hum. ApKyoi ApKyoiie 
flepeeip. Bonox'iH _J | _ 3 60 
Peu,eH3. 
CyMffY ETdn-51zn H. KoHmp. 
Ymeepd. J\e6eduHCbKuu 
B C T y n 
PiBeHb po3BHTKy eHepreTHKH i eneiapH(|)iKaLi,ii B HafiGinbm onocepegKOBaHOMy 
BHrjmgi B igo6paKcae gocarHyTHfi TexHiKO-eKOHOMiHHHH noTeHnian 6ygb- inco i KpaiHH. 
EHepreTHKa 3 a 6 e 3 n e n y e e n e K T p o e H e p r i e K i TenjiOM npoMHcnoBi n ignpneMCTBa, 
cinbCBKe r o c n o g a p c T B O , TpaHcnopT, a TaKOKK KOMyHanbHO-noGyTOBi n o T p e 6 n 
HaceueHHii. E. j [eKTpH(iKani i i HHHHTb BH3HananbHHH B n i H B Ha po3BHTOK B c i x rany3ef i 
r o c n o g a p c T B a KpaiHH. n p a r a y H H CBOGI eKOHOMinroi H e 3 a u e ^ H o c T i i 6e3neKH, KpaiHa 
3 o 6 o B ' a 3 a H a T y p G y B a r a c a , i n o 6 TeMnu po3BHTKy eueKTpoeHepreTHKH, 3OKpeMa ii 
H a f i B a ^ u H B i m o i uaHKH - r e H e p y B a u b H u x noTyKCHocTeft, 6 y u u BHnepegKcyBanbHHMH. 
3aBgaHHaM g a H o i p o 6 o r a n e p e g 6 a n e H O po3paxyHOK peKKHMiB p o 6 o r a 
eueKTpuHHoi MepeKci, B n p o n e c i BHKOHaHHa incoi Heo6xigHO Bup imuTH HacTynHi 
3aBgaHHa: 
- 3 a HaBaHTa>KeHHiiMH i goBKKHHaMH B H 6 p a r a H a n p y r y MepeKci; 
- 3 a HanpyraMH MepeKci i HaBaHTaKceHHUMH B u 6 p a r a T u n n p o B o g i B noBiTpaHHx 
Ta c u u o B i T p a H c ( o p M a T o p u n igcTaHnif i ; 
- BHKOHaTH po3paxyHOK napaMeTpiB cxeMH 3aMiineHHii i T p a H c ( o p M a r o p i B ; 
- BHKOHaTH po3paxyHOK HopMaubHoro , MiHiMaubHoro Ta aBapi f iHoro peKKHMiB 
MepeKci i ,3a H e o 6 x i g H o c T i , 3 a n p o n o H y B a r a c n o c o 6 u p e r y n K B a H H n H a n p y r u y By3 j i ax 
HaBaHTaKeHHa; 
- gum o 6 p a H o i n igcTaHni i , a K a B x o g u T b g o c K u a g y po3rji i iHyToi MepeKci, BHKOHaTH 
n e p e B i p K y B H 6 o p y n o T y K H o c r i CHUOBHX T p a H c ( o p M a r o p i B , BcTaHOBueHHx Ha 
n igcTaHni i ; 
- p o 3 p a x y B a r a cTpyMH K o p o T K o r o 3aMHKaHHa g u a 3a6e3neneHHa 3axHcTy 
n igcTaHni i ; 
- BH6paTH 3 a yMOBaMH po6oT H BHcoKOBOibTHi anapaTH po3nogi j ibHHx npHcTpoiB 
n igcTaHni i Ta nepeBipHTH ix Ha MOKiHBicTb cnpanbOByBaHHa B yMOBax K o p o T K o r o 
3aMHKaHHa. BHKOHaTH po3paxyHOK no3goBKKHboi g H ( e p e H n i a u b H o i cTpyMOBoro 
3axHcTy B i g y c i x BHgiB 3aMHKaHHa Ha B H B o g a x i B o6MOTKax cTopiH 3 3a3eMjieHOK> 
HefiTpauura; 
fucm 
BP 5.6.141.812 4 M3M. flucm N doKyM. flodnucb Mama 
1 P 0 3 P A X Y H 0 K P E ) K H M I B P O B O T H E ^ E K T P H ^ H O I M E P E ) K I 
3 r i g H o i3 3aBgaHHiiM, H e o 6 x i g r o p o 3 p a x y B a r a pe>KHMH po6oTH Mepe>Ki, c x e M a 
incoi' MicTHTb 3 e j i e K T p o n e p e g a n , 2 n igcTaHi i i i i 4 c n o K H B a n i ( p n c . 1.1). ^ O B ^ H H H 
jiiHiii, n o T y ^ H o c T i i K a T e r o p i a HaBaHTa^eHb M e p e ^ i HaBegeHo B Ta6jiHiii 1.1. 
Jl-1 
nc-2 S 3 
A X Jl-2 Jl-3 
S2 
S 4 nc-1 
S i 
P n c y H o K 1.1. - ejieKTpHHHa c x e M a 3 ' e g m H b eneKTpHHHoi' M e p e ^ i 
Ta6jiHii i i 1. 1 B n x i g H i gaHi 
^ o B ^ H H a B J J , KM n o T y ^ H i c T b HaBaHTa^eHb, M B A 
J J - 1 J J - 2 J J - 3 S - 1 S - 2 S - 3 S - 4 
4 0 7 0 4 0 
4 0 + j 2 0 
I 
2 0 + j 1 0 
I I 
3 5 + j 1 5 
I I I 
5 0 + j 3 0 
I I 
1.1. B r o m n e H H i i H a n p y r n M e p e ^ i Ta THny n p o B o g i B jiiHiii 
P o 3 p a x y e M o M e p e ^ y 6e3 y p a x y B a H H a BTpaT Ha ii ej ieMeHTax ( p n c . 1 . 2 ) . 
P n c y r o K 1.2 - c x e M a 3aMKHyToi' M e p e ^ i 
flucm 
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BroHanHMO n a p a M e T p n OKpeMHx giuaHOK uiHii: 
5 p 3 = S2 + S3 = 20 + j10 + 35 + j1S = 55 + j25 MBA 
5 p 4 = S 1 + S4 = 40 + y'20 + 50 + ; 3 0 = 90 + y'50 MBA 
.ZJna p o 3 p a x y H K y 3aMKHeHOi nacTHHH M e p e ^ i Heo6xigHO n p e g c T a B i r r a li y 
B H r u a g i uiHii 3 gBOcropOHHiM >KHBueHHaM ( p n c . 1.3) 
S A ' 
A' SA3 v 
3 
S13 1 S A I — 
A'' 
L -2 L-3 L-1 
^ S p 4 * S p 3 
$A1 
$A3 
PncyHOK 1.3 - C x e M a M e p e ^ i 3 gBOcropOHHiM >KHBueHHaM 
5 p 4 • 3 + 5 p 3 • LA 1 _ (90 + y50) • 70 + (55 + j25) • (40 + 70) 
= 40 + 70 + 40 
= 82.33 + y'41.67Affli4 
5 p 4 • - 3 + 5 p 3 • L ^ 1 (90 + ; 5 0 ) • (40 + 4 0 ) + (55 + y'25) • 40 
62.67 + y'33.33 Affld 
40 + 70 + 40 
n e p e B i p a e M O 6aj iaHc n O T y m r o c r i 
+ = 5,41 + ^ 4 3 
90 + 55 + y(25 + 50) = 62.67 + 82.33 + y(33.33 + 41 .67) 
145 + 7'74.9 = 145 + 7 74.9 M&4 
PO3paxOByeMO m i n i nOTymrocTi 
= 5 A 3 - 5 p 4 = 62.67 + 7'33.33 - 90 + y50 = - 2 7 . 3 3 y16.67 Affld 
T a K aK 3HaneHHa n O T y m r o c T BHfimnO HeraTHBHHM, TOMy Ha 1 -3 
3MiH^eMO HanpaMOK n O T y m r o c r i , TOgi TOHKa nOTOKOpO3giuy 6 y g e B TOHLU 3 




^ a H i pO3paxyHKy 3aHOcHMO B Ta6uHiiK> 1.2 
flucm 
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T a G u u n a 1.2 - Pe3ynbTaTH p o 3 p a x y H K y H a n p y r 
^ i u a H K a K o n a H a n p y r a K B 
A - 3 1 4 5 . 8 
A - 1 1 5 2 . 7 
3 -1 9 8 . 0 7 
T a K aK g u a B c i x KiubneBoi MepeKc i G a K c a r o MaTH ogHaKOBy H a n p y r y , TO 
npHHMaeMO H a n p y r a U H = 2 2 0 K B . ^ u a T o r o , IHO6 3a6e3nenuTH BHKoHaHHa yMoBH 
g o n y c T H M o r o nag iHHa H a n p y r u g u a c a M o r o B i g g a n e H o r o cnoKCHBana eneKTpoeHepr i l , 
npuHMaeMo H a n p y r y g5Kepe.ua KCHBueHHa Ha 1 0 % BHIIIOK) 3 a HoMiHaubHy H a n p y r y 
MepeKc i : U A = 2 4 2 K B . 
B aKocTi n p o B o g i B g u a B c i x npuftMaeMo cTaj ieaj iKMiHieBi n p o B o g u MapKH 
A C . 
B r o m n a e M o T p u B a n o gonycTHMi cTpyMH B m m a x g j i a HopManbHoro p o G o n o r o 
peKHMy. 
P o 3 p a x o B y e M o cTpyM Ha g i n a H K a x K o n a 3 a o p M y ^ o : 
OTpuMaHi pe3y jbTaTH 3 a n u m e M o B T a G m m K 1.3 
T a 6 j i H n a 1.3 - Pe3y jbTaTH p o 3 p a x y H K y cTpyMiB 
^ i n a H K a K o n a CTpyM A 
A 3 1 8 6 . 3 
A 1 2 4 2 . 2 
3 1 8 4 . 0 1 
BuKopucTOByiKHH g o B i g K o B i gaHi y B ignoBigHocTi 3i m K a n o K cTaHgapTHux 
n e p e p i 3 i B i MOKJHBHX nepeBaHTaKeHHax B a B a p i f t r o M y peKHMi BuGupaeMo n p o B i g 
MapKH A C - 2 4 0 / 3 2 . B i g n o B i g H o g o n p a B H j , MiHiManbHo gonycTHMHft n e p e p i 3 3 a 
yMoBaMH KopoHH g j i a H a n p y r o K 2 2 0 K B g o p i B H K e 2 4 0 MM 2 . 
flucm 
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Ta6j iu i i i i 1.4 - K a T a i o m H i gaHi n p o B o g i B noBiTpaHoi m m i 
n a p a M e T p u 
M a p K a n p o B o g y 
A C - 2 4 0 / 3 2 
K a T a i o m H i gaHi 
n e p e p i 3 n p o B o g y , MM 2 2 4 0 / 3 2 
T p u B a i o g o n y c T u M u f i cTpyM, A 6 0 5 
^ i a M e T p n p o B o g y , MM 2 1 , 6 
P o 3 p a x y H K o B i gaHi 
HUTOMUH aKTuBHufi o n i p m m i n p u TeMnepaTypi + 2 0 o C , 
0 , 1 1 8 
TO(OM/KM) 
HUTOMUH peaKTuBHufi o n i p , x 0 ( O M / K M ) 0 , 4 0 5 
n u T o M a eMHicHa npoBigHicTb m m i , Z> 0(CM/KM) 2 , 8 1 1 0 - 6 
B u K o H a e M o p o 3 p a x y H o K o n o p i B m m i i 3 a p a g H o i noTymHocTi uiHifi 3 a TaKuMu 
opMy^aMu: 
AKTUBHUH o n i p m m i : 
R = r0-L 
PeaKTuBHufi o n i p m m i : 
X = XQ L 
n o B H u f i o n i p jiiHii: 
Z = R+jX 
3 a p a g H a noTymHicTb m m i : 
= ——0 
v 2 
^ a H i po3paxyHKiB 3aHeceMo g o TaGuuni 1.5: 
TaG-uuna 1.5 - P e 3 y u b T a T u p o 3 p a x y H K y napaMeTpiB uiHifi e n e K T p o n e p e g a n 
J l iH ia A 1 13 A 3 
^ o B m u H a , KM 4 0 4 0 7 0 
n e p e p i 3 g p o T y MM 2 2 4 0 / 3 2 2 4 0 / 3 2 2 4 0 / 3 2 
AKTUBHUH o n i p m m i , 
R , O M 
4 . 7 2 4 . 7 2 8 .26 
PeaKTuBHufi o n i p 
m m i , X , O M 
1 6 . 2 1 6 . 2 2 8 . 3 5 
3 a p a g H a noTymHicTb 
m m i , Q, M B A p 
2 . 7 2 2 . 7 2 4 . 7 6 
n o B H u f i o n i p m m i , Z , 
O M 
4 . 7 2 + J 1 6 . 2 4 . 7 2 + J 1 6 . 2 8 . 2 6 + J 2 8 . 3 5 
Hucm 
BP 5.6.141.812 ff3 
8 M3M. Hucm IN doKyM. flodnucb Mama 
1.2 B u G i p noTyKCHocr i TpaHc opMaTopiB: 
B u G u p a e M o Tun TpaHc o p M a T o p a Ha n igcTaHni i n C - 1 
^ H a r p S± V ^ i 2 + V 4 0 2 + 2 0 2 
ST1 31.94 MBA 
1.4 1.4 1.4 1.4 
B u G u p a e M o TpH a3HHft gBooGMoTKoBuft TpaHc opMaTop T u n y T P ^ H -
4 0 0 0 0 / 2 2 0 . 
n e p e B i p a e M o K ^ i n i e H T 3aBaHTaKeHHa TpaHc o p M a T o p a T P ^ H - 4 0 0 0 0 / 2 2 0 
^ 3 
^ a r p V ^ i 2 + <?1 2 V 4 0 2 + 2 0 2 
2 - 5 2 - 5 2 - 4 0 
^ J HOM ^ J HOM ^ ^ u 
B u G u p a e M o Tun TpaHc o p M a T o p a Ha n igcTaHni i n C - 2 




1.4 1.4 1.4 1.4 
B u G u p a e M o TpH a3HHft TPHOGMOTKOBHH TpaHc opMaTop T u n y T Z J T H -
6 3 0 0 0 / 2 2 0 . 
n e p e B i p a e M o K ^ i n i e H T 3aBaHTaKeHHa TpaHc o p M a T o p a T ^ T H - 6 3 0 0 0 / 2 2 0 




2 - 5"HOM 2 - 5"HOM 2 - 5"HOM 2 - 6 3 
K a T a n o K H i gaHi TpaHc opMaTopiB MepeKc i 3 a r o c u M o g o TaGuHni 1.6. 
1.3 Bu3HaneHHa napaMeTpiB cxeMH 3aMiineHHa Ta p o 3 p a x y H o K MepeKc i 
HaBaHTaKeHHa By3na 3 g o CTOPOHH B H BH3HanaeMo aK cyMy noTyKHocTef t , 
3 a g a H u x Ha m u H a x H H , BTpaT B oGMoTKax, riuKH HaMara inyBaHHa TpaHc opMaTopiB. 
C x e M a 3aMimeHHa n C - 1 3 o G p a K e H a Ha p u c . 1 . 4 . 
SA3 
Sp4 a 1 • 2 
ZTI/2 
S4 
S 3 S34 S1 
P u c y H o K 1.4 - C x e M a 3aMiineHHa n C - 1 
3 H a x o g u M o p o 3 n o g i n noToKy noTyKHocTef t : 
= ^ = 40 + 720 Mfl4 





9 M3M. fucm N doKyM. fodnucb Mama 
noTymHicTb y By3ui 3 3 ypaxyBaHHiiM BTpaT B TpaHc opMaTopi: 
£ 3 4 — £ 3 4 + n £ 3 4 _ £ 3 4 + 772 I 2 J _ 
4 0 2 + 2 0 2 /5.6 + /158 .7 \ 
— 40 + 7'20 + — ( 2 ) — 40.12 + y'23.28 Affld 
220 2 
5 p 4 — 5 3 4 + 5 4 + A S ^ 2 — 40.12 + y'23.28 + 50 + y'30 + (0.050 + y'0.36) 2 — 
— 90.22 + y'54 M&4 
HaBaHTameHHa B y 3 u a 1 g o CTOPOHU B H Bu3HanaeMo IIK cyMy noTymHocTef i , 
3 a g a H u x Ha i n u m x H H , BTpaT B o6MoTKax , r i uKu HaMarHinyBaHHn TpaHc opMaTopiB 
C x e M a 3 a M i ^ e H H a n C - 2 3 o 6 p a m e H a Ha p u c . 1 . 5 . 
TaG-uuna 1.6 - X a p a K T e p u c n r e u o 6 p a H u x TpaHc opMaTopiB 
n a p a M e T p u 
T u n TpaHc o p M a T o p a 
T P ^ H -
4 0 0 0 0 / 2 2 0 
T P ^ H -
6 3 0 0 0 / 2 2 0 
HoMiHanbHa noTymHicTb, SHOM ( M B - A ) 4 0 6 3 
H o M m a n b H i H a n p y r u O6MOTOK, K B 
B u i n o i H a n p y r u , UHOMMH 2 3 0 2 3 0 
c e p e g H b o i H a n p y r u , UHOM.CH 3 8 , 5 
HUKCHOI H a n p y r u , UHOM.HH 6 . 6 / 1 1 6 . 6 / 1 1 
BTpaTu, K B T 
x o u o c r o r o x o g y , APX 5 0 9 1 
KopoTKoro 3aMuKaHHa, APK 1 7 0 3 2 0 
H a n p y r a KopoTKoro 3aMuKaHHa Mim o6MoTKaMu, 
B ig UHOM% 
B u i n o i - HroKHoi Hanpyr , UK.E.H 12 1 2 . 5 
B u i n o i - c e p e g H b o i H a n p y r u , UK.C-H - 2 4 
c e p e g H b o i - HUKHOI H a n p y r , UK.C-H - 1 0 . 5 
CTpyM x o u o c r o r o x o g y , IX ( % B i g IHOM) 0 ,9 1.0 
AKTUBHUH o n i p O6MOTOK, RT ( O M ) 5.6 
o6MoTKa B H 4 .3 
o6MoTKa C H 4 .3 
o6MoTKa H H 4 .3 
PeaKTuBHufi o n i p O6MOTOK, XT ( O M ) 1 5 8 . 7 1 7 5 
o6MoTKa B H 1 0 9 . 2 
o6MoTKa C H 0 
o6MoTKa H H 9 2 . 4 
B T p a T u noTymHocTi B o6MoTKax , z l < 2 x ( K B A p ) 3 6 0 6 3 0 
flucm 
BP 5.6.141.812 3 
10 M3M. flucm N doKyM. flodnucb Mama 
Sp3 
S 0 2 J 
SA3 
— 1 
A SX • 2 
Z T B 2 / 2 
I 




| Z t h 2 / 2 
S 0 2 J 
2 
PncyHOK 1.5 - C x e M a 3aMim,eHHa n C - 2 
3HaxOgHMO pO3nOgiu nOTOKy nOTymrocTe i i : 
SQ5 = 53 = 35 + y'15 M&4 
5 * = £ = 20 + y'10 M&4 
W 5 ) 2 + ( Q ? 5 ) 2 
V 2 ) 
= 35 + 7'15 + 
3 5 2 + 1 5 2 (4.3 + 7 0 
5o2 = ^_02 + AS_02 = 5Q2 + 
220* V 2 7 = 3 5 . 0 6 + / 1 5 MB 
£ / 2 2 
= 20 + 710 + 
2 0 2 + 1 0 2 /4.3 +7 '92.4 
-) = 20.02 + 7'10.56 M&4 
2 2 0 2 2 
5_f0 = 5Q2 + 5 0 3 = 35.06 + y15 + 20.02 + 7 10.48 = 55.09 + 7 25.56 Affld 
W 0 ) 2 + « 2 f o ) 2 
r/2 
( ^ 7 7 J 2 + / ^ 7 7 ) 
( 2 ) 
2 5 . 0 9 2 + 2 5 . 5 6 2 /4.3 + / 1 0 9 . 2 \ 
= 5 5 . 0 9 + ; 2 5 . 5 6 + 2202 ( 2 ) = 
= 55.25 + 7'29.08 M 5 




11 M3M. fucm N doKyM. fodnucb Mama 
YTOHHIOIOHHH po3paxyHOK 
$A1 
5p4 + 1 LA i 
LA A 
(90.22 + y'54) (8.26 - y ' 2 8 . 3 5 ) + (55.43 + y'30.34) (12.98 - y ' 4 4 . 5 5 ) 
1 7 . 7 - y 6 0 . 7 5 
82.75 + y'47.45 Affld 
5_43 
(90.22 + y'54) (9.44 -y ' 32 .4 ) + (55.43 + y'30.34) (4.72 - y ' 1 6 . 2 ) 
1 7 . 7 - y 6 0 . 7 5 
62.9 + y'36.89 M&4 
n e p e B i p a e M O 6ajiaHC noTy>KHOCTi: 
+ = 5^ i + 5^ 3 
90.22 + 55.43 + y(30.34 + 54) = 62.9 + 82.75 + y(36.89 + 47 .45) 
145.65 + y84.34 = 145.65 + y'84.34 M&4 
BanaHC n o T y m r o c r i 3 i f imoBca 
Po3paxoByeMO iHmi noTy^HOCTi 
5 J 3 = - 5 p 4 + 5 4 = 62.9 + y36.98 - 90.22 + y'54 + 90 + y50 
= 22.68 + y '12 .89M5 
PO3ipBeMO M e p e ^ y 3 gBOCTOpOHHiM >KHBJieHHiIM B TOHni 3 (TOHKa 














PnCyHOK 1.6 - C x e M a po3iMKHeHoi' M e p e ^ i 
3HaxogHMO p o 3 n o g i n noTOKy noTy^HOCTefi Ha gijiiiHni A ' 3 
SJF 3 = ^ 3 - 7 1 = 62.9 + y'36.89 -y '4 .76 = 62.9 + y32.13 Affld 
W 3 ) 2 + ( f e ) 2 
£^3 = iM3 + = £A3 + 
6 2 . 9 2 + 3 2 . 2 2 2 
62.9 + y'32.22 + — (8.26 + y'28.35) 2 2 0 2 
63.75 + y'35.05 Affld 
1 
flucm 
BP 5.6.141.812 12 M3M. flucm N doKyM. flodnucb Mama 
£ > — £ ? 3 - 7 3 — 63.75 + y 35.15 -y '4 .76 — 63.75 + y'30.29 M&4 
P o 3 p a x o B y e M o H a n p y r y By3j ia 3 , npufiHimii iu H a n p y r y g m e p e n a [/ — 242 / t £ 
63.75 8.26 + 35.05 28.35 2 63.75 28.35 - 35.05 8.26 2 
J ( 2 4 2 242 ) + ( 242 ) 
236.45 / t £ 
3 H a x o g u M o p o 3 n o g i j i noToKy noTymHocTefi Ha g i j iaHni A 3 
5 ^ ! — 5 ^ - y Q 1 3 — 22.68 + y'12.98 -y '2 .72 — 22.68 + y'10.17 M&4 
2 2 . 6 8 2 + 1 0 . 1 7 2 
— 22.68 + y10.17 + — - (4.72 + y'16.2) 
2 2 0 2 
— 2 2 . 7 4 + y ' 1 0 . 3 8 Affld 
— 22.74 + y'10.38 + 55.43 + y'30.66 - y ( 2 . 7 2 + 2.72) 
— 78.17 + y'40.72 Affld 
C« — C# + A C — C# I + ( 1 ) ( p + ,y ) — 
7 8 . 1 7 2 + 4 0 . 7 2 2 
— 78.17 + y'40.72 + — - (4.72 + y'16.2) 
2 2 0 2 
— 78.93 + y'43.32 M&4 
£ > — £ ? - 7 1 — 78.93 + y'43.32 -y '4 .76 — 78.93 + y'40.6 M&4 
P o 3 p a x o B y e M o H a n p y r y By3j ia 1 npufiHimii iu H a n p y r y g m e p e n a [/ — 242 / t £ 
„ _ | / „ ^ 4 2 + Qj?2 ^ 2 \ , / ^ 2 ^ 4 2 - # \ 
78.93 4.72 + 43.32 1 6 . 2 \ 2 /78 .93 16.2 - 43.32 4 . 7 2 \ 2 
K 2 4 2 ^ ) + ( 242 242 
M 
2 3 7 . 6 / t £ 
P o 3 p a x o B y e M o H a n p y r y By3j ia 3 
2 
flucm 
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/ 22.74 4.72 + 10.38 1 6 . 2 \ 2 /22 .74 16.2 - 10.38 4 . 7 2 \ 2 
= J ( 2 3 7 ' 6 2 3 7 6 ) + ( 2 3 7 6 ) 
= 236.36 fcfl 
nOpiBHioeMO H a n p y r y B TOHLU pO3pHBy: 
[/ 3 = 236.45 fcfl t/ 3 = 236.36 fcfl 
Pi3HHu,a Mi>K HanpyraMH cTaHOBHTb 0 , 0 4 % , TO npniiMaeMO c e p e g H e 3HaneHHa 
H a n p y r n B TOHLU po3pi rey : 
f/3 + f/3 236.45 + 236.36 
[/ = — 3 - = = 236.4 fcfl 
L F 1 2 2 
T e n e p 3HafigeMO H a n p y r n c n o ^ H B a n i B . 
Bn3HaneHHa H a n p y r n c n o ^ H B a n a S 1 Ha n C - 1 
( 40.12 ^ + 23.28 i ^ ) 2 ( 4 0 . 1 2 ^ - 23.28 
l 2 3 6 . 4 236.4 ) + 1 236.4 ) 
228.5 / t £ 
[/43 228.5 
" 4 = 77 = 2 3 Q ^ = 1 0 . 9 3 
nepeBipHMO OTpHMaHe 3HaneHHa H a n p y r n Ha B igxuueHHa B ig £ / # 0 M 
I ^ O M - ^ I |10 - 10 .93 | 
- 1 0 0 % = — 1 0 0 % = 9,28 % 
H a n p y r a B TOHLU 4 c n o m r e a n a S 1 nepeBHiuye gonycTHMe B i g x u u e H H a 
npHHMeMO Mipu n o pe ryuKmaHHio 3 a g o n o M o r o i o P n H 
f/4 = f/4 + [/ 4 ( - 6 1.5%) = 10.93 + 10.93 ( - 6 1.5%) = 9.94 / t £ 
nepeBipHMO OTpHMaHe 3HaneHHa H a n p y r n Ha B i g x u u e H H a B ig £ / # 0 M 
I ^ O M - ^ I | 1 0 - 9 , 9 4 | 
- 1 0 0 % = — 1 0 0 % = 0.6 % 




14 M3M. fucm N doKyM. fodnucb Mama 
' 4.3 . _ A 1 0 9 . 2 \ 2 109.2 _ , 4 . 3 \ 2 
55.24 + 29.4 \ / 55.24 - 29.4 
( 236.4 2 — I + ( 2 — I 
I 236.4 I I 236.4 J 
226.72 / t £ 
/ pH ^TC2 + n H ^ T c A 2 / p H ^TC2 - n H ^ T c A 2 
— H 0 — - j + ( — 2 — — - j 
n 4 ~ 3 ~ ~ ~ 7 ~ 0 \ 2 z m ~ " 0 _ 4 . 3 \ 2 
, / 35.06 - 2 + 1 5 2 \ / 35.06 2 - 15 - y - » 
I( 226.72 2 2 j + ( 2 — j 
1 1 226.72 226.72 
= 221.37 fcfl 
/ p H ^ 7 7 / 2 + ^ 7 7 / 2 \ 2 / p H ^ 7 7 / 2 - o « ^ 7 7 / 2 \ 2 
" 2 = J r - ° 0 j + l ° 0 j 
4.3 92.4 2 92.4 4.3 2 
20.02 2 ^ + 1 0 . 4 8 \ / 20.02 2 2 ^ - 1 0 . 4 8 
( 2 2 6 . 7 2 2 2 j + ( 2 2 ) 
I 226.72 I I 226.72 I 
= 222.88 fcfl 
f / f 221.37 f / f 222.88 
7 [ / „ / 3 8 . 5 7 { / H ' 6 . 6 
nepeBipHMO OTpuMaHe 3HaneHHii H a n p y r a U 5 Ha B i g x a j i e H H i B i g £ / # 0 M 
i ^ H O M - ^ s i |35 - 37 .05 | 
2 - 2 ^ 1 0 0 % = — 1 0 0 % = 6.6 % 
H a n p y r a B TOHLU 5 C n o ^ H B a n a S 3 n e p e B H i u y e gonyCTHMe B i g x a j i e H H i 
npnHMeMO Mipu n o peryjiKmaHHK) 3 a g o n o M o r o i o P n H 
[/ 5 = [/ 5 + [/ 5 ( - 6 1.0%) = 37.05 + 37.05 ( - 6 1.0%) = 34.83 fcfl 
nepeBipHMO OTpHMaHe H a n p y r a Ha B i g x a j i e H H i B i g £ / # 0 M 
i ^ H o w - ^ s i |35 - 34 .83 | 
2 - — 1 0 0 % = — 1 0 0 % = 0.49 % 
nepeBipHMO OTpuMaHe 3HaneHHii H a n p y r a U 2 Ha BigxaneHHii B i g £ / # 0 M 
fucm 
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15 M3M. fucm N doKyM. fodnucb Mama 
1 ^HOM ^ 2 1 1 0 0 % 
| 6 - 6 . 4 | 
6 
1 0 0 % = 6.6 % 
H a n p y r a B TOHLU 2 cnoKCHBana S 2 n e p e B u m y e gonycTHMe BigxaneHHii 
npHHMeMO Mipn n o peryj iKmaHHio 3 a g o n o M o r o i o P n H 
[/ = [/ + [/ ( - 6 1.0%) = 6.4 + 6.4 ( - 6 1.0%) = 6.01 / t £ 
n e p e B i p u M O OTpuMaHy H a n p y r y Ha BigxaneHHii B ig HOMiHajiy 
1 ^HOM ^ 2 1 
1 0 0 % 
| 6 - 6 .01 | 
Pe3ynbTaTH p o 3 p a x y H K y 3anumeMO B TaGjiuuio 1.7 
T a G j i H u i 1.7 
1 0 0 % = 0.17 % 
By3OJi A 1 2 3 4 5 
H a n p y r a g o P n H , K B 2 4 2 2 3 9 . 4 5 6 .4 2 3 9 . 3 4 1 0 . 9 3 3 7 . 0 5 
B i g x a n e H H i i B ig UHOM. % 6 .6 9 . 2 8 6 .6 
CTyniHb P n H -6 -6 -6 
H a n p y r a n i c j i a P n H , K B 6 . 0 1 9 . 9 4 3 4 . 8 5 
B i g x a n e H H i i B i g nic jui 
P n H UHOM. % 
0 . 1 7 0 .6 0 . 4 9 
1.4 Po3paxyHOK MiHiMajibHoro peKHMy eneKTpHHHoi' MepeKc i 
Po3paxyHOK HaBaHTaKceHHi By3Jia 3: 
C x e M a 3aMimeHHii n C - 1 3 o 6 p a K c e H a Ha p u c . 1 . 4 . 
3HaxoguMO p o 3 n o g i n noTOKy noTyKCHocTeii: 
£34 = 5 1 = 20 + y'10 Affld 
n o T y K H i c T b y By3Jii 3 3 y p a x y B a H H i M BTpaT B TpaHc opMaTopi : 
( ^ 3 4 ) 2 + « 2 f 4 ) 2 
5 |4 = 534 + AS_34 = 534 + 
2 0 2 + 1 0 2 /5.6 + /158 .7 \ 
= 20 + y'10 + — 2 2 0 2 ( 2 ) = 20.03 + y'10.82 Affld 
220 2 
5 p 4 = 5_34 + 5 4 + A 5 ^ 1 2 = = 20.03 + y'10.82 + 25 + y'15 + (0 .050 + y'0.36) 2 
= 45.13 + y'26.54 Affld 
Po3paxyHOK HaBaHTaKeHHa By3Jia 1: 
flucm 
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16 M3M. flucm N doKyM. flodnucb Mama 
C x e M a 3aMimeHH5i n C - 2 3o6pa>KeHa Ha p n c . 1.5. 
3HaxogHMo p o 3 n o g i j i noToKy n o T y m i o c T e f i : 
5 0 5 — 5 3 — 17.5 + y'7.5 M&4 
5 * — 5 2 — 10 + y'5 Mfl4 — £2 — 
>A^2 _ i _ (r>K\2 
£ 0 5 — £ 0 5 + A £ 0 5 — £ 0 5 + 772 I ) IJ2 V 2 
1 7 . 5 2 + 7 . 5 2 / 4 . 3 + y ' 0 \ 
17.5 + y'7.5 + — ( ) — 17.52 + y'7.5 M£M 
c H — c t f + A C — c*T I ( P 0 2 ) + ( Q 0 2 ) ( ^ 7 7 / 2 + 7 * 7 7 / 2 ) — 
£ 0 2 — £ 0 2 + A £ 0 2 — £ 0 2 + 772 ( 2 I — 
1 0 2 + 5 2 4.3 + 92.4 
— 10 + 7 '5 + 2 2 0 2 ( 2 ) — 10.01 + 7'5.12 M£M 
5 f 0 — 5 0 2 + 5 0 3 — 17.52 + y'7.5 + 10.01 + y'5.12 — 27.53 + y'12.62 Affld 
c H — C t f + A ? — i ( P 1 0 ) 2 + ( ( ? £ ) ) 2 ( ^ 7 7 * 2 + 7 * 7 7 J 2 ) — 
£10 — £10 + A £ 1 0 — £10 + ji2 ( 2 I — 
2 7 . 5 3 2 + 1 2 . 6 2 2 /4.3 + y'109.2\ 
— 2 7 . 5 3 + ; 1 2 . 6 2 + 2202 ( 2 ) — 
— 2 7 . 5 7 + y ' 1 3 . 5 2 M&4 
5 p 3 — 5 f 0 + A 5 ^ 1 2 —— 27.57 + y'13.52 + (0 .091 + y'0.63) 2 
— 27.74 + y'14.78 M&4 
YTOHHioiOHHfi p o 3 p a x y H o K 
_ S p 4 ^ 4 3 + £ ^ 3 ^ 4 1 
(45.13 + y'26.54) (8.26 - y ' 2 8 . 3 5 ) + (27.74 + y'14.78) (12.98 - y ' 4 4 . 5 5 ) 
1 7 . 7 - y ' 6 0 . 7 5 
41 .41 + y'23.22 Affld 
_ £^p4 ^ 4 3 + £ ^ 3 ^ 4 1 
£ 4 3
 — 7 
(45.13 + y'26.54) (9.44 -y ' 32 .4 ) + (27.74 + y'14.78) (4.72 -y ' 16 .2 ) 
1 7 . 7 - y ' 6 0 . 7 5 
31.47 + y'18.09 Affld 
I l epeBip j i eMo 6aj iaHc n o T y m r o c r i : 
+ 5 p 3 — 5_4 1 + 5_4 3 
45.13 + 27.74 + y'(14.78 + 26.54) — 31.47 + 41 .41 + y'(18.09 + 23.22) 
72.87 + y'41.32 — 72.87 + y'41.32 M&4 
B a n a H c n o T y m i o c T i 3 i f i m o B c i . 
3HaxogHMo iHmi n o T y K H o c r i 
fucm 
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£ i 3 = - 5 p 4 + _4 = 31.47 + y'18.09 - 45.13 + y'26.54 + 45 + y'25 
= 11 .34+y '6 .56 M&4 
p o 3 n o g i j i noTOKy n o T y m r o c T e i i Ha A 3 ( p n c . 1.6): 
£ 5 3 = S_/i3 - 7 = 31.47 + y'18.09 -y '4 .76 = 31.47 + y'13.33 M&4 
£/ 2 
^43 = £ 3 + = £ 4 3 + — ( # + y'X i 4 3 ) 
3 1 . 4 7 2 + 1 3 . 3 3 2 
31.47 + y'13.33 + — (8.26 + y'28.35) = 
2 2 0 2 
= 31.67 + y'14.02 Affld 
£ 4 = £ $ 3 - V & 3 = 31.67 + y'14.02 - y'4.76 = 31.67 + y'9.26 M&4 
Po3paxoByeMO H a n p y r y By3j ia 3 npHHHimiiiH H a n p y r y g>Kepej ia [/ = 242 / t £ 
= J r ^ ) + ( J 
/ 31.67 8.26 + 9.26 2 8 . 3 5 \ 2 / 31 .67 28.35 - 9.26 8 . 2 6 \ 2 
J ( 2 4 2 242 ) + ( 242 ) 
239.86 fcfl 
3HaxogHMo p o 3 n o g i j i noToKy n o T y m r o c T e i i Ha A 3 
S f i = 5 1 3 -y 'Q 1 3 = 11.34 + y'6.56 -y '2 .72 = 11.34 + y'3.84 Affld 6.56 -
H = ctf + A C = ctf , QffiQ + (Q3 i ) 
£/ 2 
5_3 i = 5_3 i + A53 i = 5_3 i + — ( # i 3 + y ' ^ i 3 ) = 
1 1 . 3 4 2 + 3 .84 2 
= 11.34 + y'3.84 + — (4.72 + y'16.2) 
2 2 0 2 
= 11.35 + y'3.88 M&4 
5 ^ i = 5 ^ i + 5p3 - y' (Qi3 + Qi4 i ) 
= 11.35 + y'3.88 + 27.74 + y'14.78 - y ' ( 2 . 7 2 + 2.72) 
= 39.1 + y'18.66 M&4 
c « = c# + A C = ctf - fe'O + fa-Q ( p + / y ) = 
£ = £ ^ i + £ / = £ ^ i + ^ 2 ( / M i + VA4 i ) = 
3 9 . 1 2 + 1 8 . 6 6 2 
= 3 9 . 1 + y ' 1 8 . 6 6 + 2 2 0 2 ( 4 . 7 2 + y ' 1 6 . 2 ) 
= 3 9 . 2 8 + y ' 1 9 . 2 9 M&4 
5 4 = s £ -y 'Q A i = 39.28 + y 19.29 - y'4.76 = 39.28 + y 16.57 M&4 
P o 3 p a x o B y e M o H a n p y r y By3j ia 1 npHHHimiiiH H a n p y r y g>Kepej ia / ^ = 242 / t £ 
flucm 
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18 M3M. flucm N doKyM. flodnucb Mama 
39.28 4.72 + 16.57 • 1 6 . 2 \ 2 / 39 .28 • 16.2 - 16.57 • 4 . 7 2 \ 2 / 39.28 4 . / 2 + 16 .5 / / >• 
K 2 4 2 ^ ) + ( -242 242 
239.95 fcfl 
2 
Po3paxyeMO H a n p y r y By3na 3 
11.35 4.72 + 3.88 1 6 . 2 \ 2 /11 .35 16.2 - 3.88 4 . 7 2 \ 2 
' ( 2 3 9 . 9 5 ^ 7 7 7 ^ ) + ( 239.95 239.95 
= 239.47 fcfl 
nopiBHioeMO H a n p y r a B TOHLU p o 3 p u B y : 
[/ 3 = 239.86 fcfl £/3– = 239.47 fcfl 
Pi3HHni Mi>K HanpyraMH CTaHOBHTb 0 . 1 6 % , TOMy npufiMaeMO CepegHe 
3HaneHHa H a n p y r a B TOHLU p o 3 p u B y : 
[/3- + [/ 3 239.86 + 239.47 
[/ = -L-—- = = 239.66 fcfl 
L F 1 2 2 
Po3paxyeMO H a n p y r y C n o ^ H B a n a _ S 1 Ha n C - 1 
/ pH + o « ^ r A 2 / p H - ^ T A 2 
F ' 5.6 . 1 5 8 . A 2 / _ „ 158.7 5.6\ 2 
20.03 ^ + 10.82 2 2 2 - \ / 20.03 ^ - 10.82 
( 239.66 2 — j + ( 2 — j 
I 239.66 I I 239.66 I 
235.94 / t £ 
f/43 235.94 
" 4 = 7 7 ^ = 2 3 0 ^ = 1 1 . 2 8 t B 
nepeBipHMO OTpuMaHy H a n p y r y Ha BigxHjieHHi B ig £ / # 0 M 
| ^ H O M - ^ 4 | | 1 0 - 1 1 . 2 8 | 




19 M3M. flucm N doKyM. flodnucb Mama 
Hanpyra B T O H L U 4 cnoimreana S 1 nepeBHinye npunycTHMe BigxHjieHHi ± 5% 
npnfiMeMo 3axogu 3 peryjnoBaHHi 3a gonoMoroio P n H 
f/4 — [/ 4 + f/4 ( - 7 1.5%) — 11.28 + 11.28 ( - 7 1.5%) — 10.1 / t £ 
nepeBipuMo oTpuMaHy Hanpyry Ha BigxHjieHHi Big £ / W 0 M 
I ^ O M - ^ 4 I | 1 0 - 1 0 . 1 | 1 W O M 4 1 1 0 0 % — — 1 0 0 % — 1 % 
10 
Bu3HaHHMo H a n p y r y c n o ^ H B a n a _ S 2 H S 3 Ha n C - 2 
^ 0 — | ( ^ 
r 1 0 2 + V10 2 1 / r 1 0 2 " 1 0 2 
CP1 
^CP1 
- I + ( -
^CP1 
I 
/ 27.57 4 # + 13.52 
( 239.66 2 — — M + ( 
109.2 4.3 





pH ^TC2 + n H * T c A / pH *TC2 - n H ^TC2 
« 0 
- I + ( -
« 0 
I 
| ( 2 3 9 . 6 6 
17.52 
4.3 0 
_ + 7 . 5 2 ) + / 7 . 5 2 0 - 7 . 5 4 ^ 
239.66 239.66 
I 
2 3 2 . 3 7 / t 5 
/ p H ^ 7 7 / 2 + o « * T H A 2 / p H * T H 2 - o « ^ 7 7 / 2 \ 2 
? — U - P ° 2 2 + Q 0 2 2 ) + f 0 2 2 - Q 0 2 2 ) 
^ 0 
/ 10.01 4 ^ + 5 . 1 2 9 2 4 \ / 
( 2 3 9 . 6 6 ^ — — I + ( 
92.4 4.3 







2 3 0 / 
7 [ / „ / 3 8 . 5 
38.9 fcfl f /2 
233.21 









BP 5.6.141.812 3 20 
M3M. fucm N doKyM. nodnucb Mama 
nepeBipHMO crrpHMcffle H a n p y r U5 Ha BigxaneHHii B ig UH0M 
WHOM-US! |35 - 38.9 | 
—?jf- • 1 0 0 % = — • 1 0 0 % = 11.13 % 
UH0M 3 5 
H a n p y r a B TOHLU 5 cnoKCHBana S 3 n epeBHinye npunycTHMe BigxuneHHa ± 5 % 
npHHMeMO 3 a x o g H peryjnoBaHHii 3 a g o n o M o r o i o P n H 
US = US + U S - ( - 9 • 1.0%) = 38.9 + 38.9 • ( - 9 • 1.0%) = 35.4 kB 
nepeBipHMO OTpHMaHy H a n p y r y Ha BigxHjieHHii B ig £ / W 0 M 
I ^ H O M - ^ S I |35 - 3 5 . 4 | 
2 - ^ 7 P • 1 0 0 % = — • 1 0 0 % = 1.14 % 
nepeBipHMO H a n p y r y U 2 Ha BigxaneHHii B ig £ / W 0 M 
I ^ H O M - ^ Z I | 6 - 6 . 7 | 
2 - 2 ^ • 1 0 0 % = — - • 1 0 0 % = 6.7 % 
H a n p y r a B TOHH 2 cnoKCHBana S 2 n epeBHinye npHnycTHMe BigxHjieHHii ± 5 % 
npHHMeMO 3 a x o g H peryjnoBaHHii 3 a g o n o M o r o i o P n H 
[/ = [/ + [/ • ( - 1 0 • 1.0%) = 6.7 + 6.7 • ( - 1 0 • 1.0%) = 6.02 fcfl 
nepeBipHMO OTpHMaHy H a n p y r y Ha BigxaueHHi i B ig £ / W 0 M 
I ^ H O M - ^ Z I | 6 - 6 . 0 2 | 
2 - 2 ^ • 1 0 0 % = • 1 0 0 % = 0.33 % 
P e 3 y j i b T a r a p o 3 p a x y H K y 3anHmeMO B Ta6jiHHK> 1.8. 
Ta6jiHHii 1.8 
B y 3 O J A 1 2 3 4 5 
H a n p y r a g o P n H , K B 2 4 2 
2 3 9 . 9 
5 
6 .7 
2 3 9 . 6 
6 
1 1 , 2 8 3 8 , 9 
B i g x H n e H H a B ig U H O M . % 6 .7 1 2 , 8 4 1 1 , 1 3 
CTyniHb P n H - 1 0 - 7 - 9 
H a n p y r a nicji i i P n H , K B 6 . 0 2 10 ,1 3 5 , 4 
B i g x H n e H H a B ig U H O M % 
nicjii i P n H 
0 . 3 3 1 1,14 
1.5 Po3paxyHOK aBapiHHoro peKKHMy MepeKc i 
Po3paxyeMO H a n p y r y y By3 j i ax HaBaHTaKceHHii npH BigKjnoHeHiii jiiHii L - 1 
C x e M a 3aMiiHeHHii gjiii aBap iHHoro peKHMy 3 o 6 p a K c e H a Ha pHc. 1.7. 
flucm 
BP 5.6.141.812 
2 1 M3M. flucm N doKyM. flodnucb Mama 
QA3 QA3 ;Q* jQn 
A 
J— J 
2 , 2 





Z13 1 S 1 0 S 1 0 S 0 5 s 0 
s BJ 
S 3 S 
Z T B 2 / 2 
AS,2 • 2 
Si " 
- 0 2 
Z T 1 / 2 
2 
S2 
Z T H 2 / 2 
Z T C 2 / 2 
0 2 
S3 




3HaHgeMo n o T y ^ H i c T b S J 3 
£ = 5ft + 5^ 2 - y Q i 3 = 5 ? c + (AP X 2 + y ' A f e ) 2 - y Q i 3 X2 
55.25 + y'29.08 + (0 .091 + y'0.63) 2 -y '2 .72 
55.26 + y'24.02 M 5 
3HaHgeMo n o T y ^ H i c T b 5_i3 
(P i3 )2 + ( Q f 3 ) 2 
S_i3 = ^ 1 3 + A : £ i 3 = S_i3 + 772 ( ^ i 3 + 7 ^ i 3 ) 
5 5 . 2 6 2 + 2 4 . 0 2 2 
= 55.26 + y'24.02 + — 2 (4.72 + y'16.2) 
2 2 0 2 
3HaHgeMo n o T y m i i c T b 5 ^ 
55.61 + y'25.24 Affli4 
5 J 3 = S_g + + A5^2 2 - y ( Q i 3 + £ 4 3 ) 
= 55.26 + y'24.02 + 90.22 + y'54 + (0.050 + y'0.36) 2 - y ' ( 2 . 7 5 
+ 4 .76) = 195.83 + y'107.2 M&4 
3HaHgeMo n o T y m i i c T b 5^ 
, r • ( p i 3 ) 2 + ( f e ) 2 
S j 3 = ^ 4 3 + A ^ 4 3 = ^ 4 3 + 772 ( ^ 4 3 + 7 ^ 4 3 ) 
1 9 5 . 8 3 2 + 1 0 7 . 2 2 
195.83 + y'107.2 + — 2 (8.26 + y'28.35) 
2 2 0 2 
= 204.34 + y'136.39 M&4 
£A = £ ? 3 - V & 3 = 204.34 + y'136.39 - y'4.76 = 204.34 + y'131.63 M&4 
fucm 
BP 5.6.141.812 ff3 22 M3M. fucm N doKyM. Ifodnucb Mama 
P o 3 p a x o B y e M o H a n p y r y By3j ia 3 , n p u f i H i B m u H a n p y r y g ^ e p e n a UA = 242 KB 
/ 204.34 8.26 + 136.39 2 8 . 3 5 \ 2 / 204 .34 28.35 - 136.39 8 . 2 6 \ 2 
( 2 4 2 + T 1 ) + ( 242 242 
— 219.89 / t £ 
P o 3 p a x o B y e M o H a n p y r y B y 3 j a 1 
y — ( [ / - ^ ^ 1 3 + @ 3 * 1 3 J + ( * 1 3 - @ 3 ^ 1 3 ) 
^ 3 J V ^ 3 
195.83 4.72 + 107.2 1 6 . 2 \ 2 /195 .83 16.2 - 107.2 4 . 7 2 \ 2 
I ( 2 1 9 . 8 9 27777^ ) + ( 219.89 219.89 
— 208.2 / t £ 
B u 3 H a n u M o H a n p y r y c n o i m r e a n a S 1 Ha n C - 1 
/ p H + * I i \ / p H * T 1 - ^ r A 
/ 40.12 ^ + 23.28 / 2 0 . 0 3 1 5 8 7 - 10.82 
( 219.89 2 — I + ( 2 — I 
( 219.89 / ( 219.89 / 
211.5 / t £ 
UH 211.5 
tfB/ 2 3 0 / 1 
" i f 7 1 1 
n e p e B i p u M o oTpuMaHy H a n p y r y Ha BigxHjieHHi B ig £ / # 0 M 
I ^ H O M - ^ 4 I | 1 0 - 1 0 . 1 | 
i i 1 0 0 % — — 1 0 0 % — 1 % 
H a n p y r a B TOHLU 4 c n o m r e a n a S 1 He nepeBHinye npunycTHMe BigxHjieHHi ± 5% 
B u 3 H a n u M o H a n p y r y c n o i m r e a n a S 2 H S 3 Ha n C - 2 
fucm 
BP 5.6.141.812 3 
2 3 M3M. fucm N doKyM. nodnucb Mama 
/ ptf . ^ 7 7 3 2 + o « . ^ 7 7 3 2 \ 2 / p H . ^ 7 7 3 2 — o « . ^ 7 7 3 2 \ 2 
4.3 109.2 2 109.2 4.3 2 
55.24 ~ + 29.4 • 22222 \ / 55.24 • 22222 — 29.4 
( 208.2 2 — I + ( 2 — I 
I 208.2 J I 208.2 I 
200.4 fcfl 
( p H . ^ T C 2 + n H . ^ T c A 2 / p H . ^ T C 2 — n H . ^ T c A 2 
r r ^ rr ^ 2 + 2 \ / M)5 2 V ° 5 2 \ 
— s ° — - j — s ° — - J 
^ 4.3 . _ 0 \ 2 0 _ 4 . 3 \ 2 ,/ 3 5 . 0 6 . - 2 2 + 1 5 . 2 \ / 3 5 . 0 6 . 2 — 15 . - y - » 
If 200.4 2 2 j + ( 2 — j 
1 1 200.4 200.4 ' 
= 200 fcfl 
/ p H „ ^ 7 7 / 2 + o « . ^ 7 7 / 2 \ 2 / p H . ^ 7 7 / 2 — o « . ^ 7 7 / 2 \ 2 
„ B = f „ 2 + ^ ° 2 \ + f 2 2 I 
" 2 = J r — ° ° j + l ° ° j 
4.3 92.4 2 92.4 4.3 2 
2 0 . 0 2 . + 1 0 . 4 8 . 2 2 ^ - \ / 20.02 . 2 2 2 ^ - 1 0 . 4 8 . l u . T U 1 I l u . T U 1 
( 200.4 2 — j + ( 2 — j 
I 200.4 I I 200.4 
= 197.8 fcfl 
f / f 200 f / f 197.8 
= 3 3 . 4 " 2 = 1 7 ; / - = 2 3 0 ^ = 5 . 6 
7 [ / „ / 3 8 . 5 7 [ / „ / 6 . 6 
nepeBipHMO OTpHMaHy H a n p y r y t/ 5 Ha BigxaueHHi i B ig £ / W 0 M 
I ^ H O M - ^ S I |35 — 33.4 | 
2 - 2 ^ . 1 0 0 % = — . 1 0 0 % = 4.5 % 
H a n p y r a B T O W 5 c n o K H B a n a S 3 He nepeBHinye npHnycTHMe BigxHneHHi ± 5 % 
nepeBipHMO OTpHMaHy H a n p y r y U 2 Ha BigxaueHHi i B ig £ / W 0 M 
I ^ H O M - ^ 2 I |6 — 5.6| 
2 - — . 1 0 0 % = — - . 1 0 0 % = 6.6 % 
H a n p y r a B T O W 2 c n o K H B a n a S 2 n e p e B H i n y e npHnycTHMe BigxHneHHi ± 5 % . 
npHHMeMO 3 a x o g H peryjnoBaHHii 3 a g o n o M o r o i o P n H 
[/ = [/ + [/ . (—6 . 1.0%) = 5.6 + 5.6 . (7 . 1.0%) = 6 fcfl 
fucm 
BP 5.6.141.812 
2 4 M3M. fucm N doKyM. fodnucb Mama 
n e p e B i p u M o oTpuMaHy H a n p y r y Ha BigxaneHHii B ig £ / # 0 M 
1 6 - 6 1 
1 0 0 % = 1 0 0 % = 0 % 
Pe3y jbTaTH p o 3 p a x y H K y 3 a n u m e M o B Ta6jiHi],K> 1.9. 
Ta6jiHi],ji 1.9. - Pe3yjibTaTH p o 3 p a x y H K y H a n p y r 
B y 3 o n A 1 2 3 4 5 
H a n p y r a g o P n H , K B 2 4 2 2 3 9 . 4 5 5 ,6 2 3 9 . 3 4 10 ,1 3 3 , 4 
B i g x a n e H H i i B i g UHOM. % 6 .6 1 4 , 5 
CTyniHb P n H 7 
H a n p y r a n i c j i a P n H , K B 6 
B i g x a n e H a a B i g U H o M 
% n i c j i a P n H 0 
fucm 
BP 5.6.141.812 ff3 
2 5 M3M. fucm N doKyM. flodnucb Mama 
2 P03PAXYH0K EJJEKTPHHHOI ^ACTHHH ni/JCTAHUII 
2 . 1 n e p e B i p K a n o T y K H o c T i CHJIOBHX TpaHc opMaTopiB 
Po3paxoByeMO gBOTpaHc opMaTopHy n igcTaHniro n C - 1 , g o incoi n i g K n o n e H e 
HaBaHTa^eHHa noTyKCHicTK) S 1 = 4 0 + j 2 0 M B A . 
H a n igcTaHni i BcTaHoBjieHi 2 TpaHc opMaTopH rany T P ^ H - 4 0 0 0 0 / 2 2 0 . 
B n 3 H a n a e M o HoMiHaibHy noTyKHicTb BcTaroBj ieHHx TpaHc opMaTopiB: 
^HOM = V ^ 2 + Q2 = V 4 0 2 + 2 0 2 = 4 4 . 7 MBA 
I l p o B o g H M o n e p e B i p K y o 6 p a H o r o TpaHc o p M a T o p a T P ^ U ^ H 4 0 0 0 0 / 2 2 0 Ha 
3gaTHicTb 6e3 nonncogKceHb BHTpnMaTH 3agaHHH r p a iK HaBaHTaKeHb. 
T u n TpaHc o p M a T o p a T P ^ U H 4 0 0 0 0 / 2 2 0 
I l o T y m n c T b TpaHc o p M a T o p a S=40 M B A 



























Scn% 50 40 60 90 80 75 75 90 100 125 150 102 
Scn, MBA 22.3 17.8 26.8 40.2 35.7 33.5 33.5 40.2 44.7 55.8 67.05 45.6 
P n c y r o K 2 . 1 - 1 ^ < HaBaHTaKceHHii T p - p a n igcTaHni i B a B a p i f t r o M y peKCHMi. 
,H,jia nepeBipKH npaBHjibHocTi B n 6 o p y TpaHc o p M a T o p a peanbHHH r p a iK 
HaBaHTaKeHHa nepeTBopHMo B gBocTyniHnacTHH. n o n a n c o B e HaBaHTaKceHHii 
eKBiBa ieHTHoro r p a iKa BH3HanaeTbca 3 a o p M y I o : 
flucm 
BP 5.6.141.812 ff3 
2 6 M3M. flucm N doKyM. flodnucb Mama 
1 • + % • +.. .+ % • tn 
^HOM ^ £ + £ + . . . + 
g e 1 3 s 2 , . . s „ - Bj iacHe HaBaHTaaceHHi n e p m o r o , g p y r o r o , n - r o c T y n e H i r p a iKa 
HaBaHTa^eHHi , p o 3 T a m o B a H o r o Hroicne jiiHii HoMiHajiBHoi n o T y ^ H o c T i 
TpaHc opMaTopa . 
t1,t ,... „ - T p u B a i i c T B c T y n e H i , r o g u H . 
1 5 2 t i + t 2 + 5^ t n 
Ki — — 
->HOM - \ + + + 
1 ( 2 2 . 3 2 + 1 7 . 8 2 + 2 6 . 8 2 + 3 5 . 7 2 ) 2 + ( 3 3 , 5 2 + 3 3 , 5 2 ) 4 
— — -—- — — — 0,87 
4 0 ^ 12 ' 
AHaj io r inHo BH3HanaeTBcr g p y r u f i cTyniHB eKBiBajieHTHoro r p a iKa, a i e n p u 
Ht>oMy 6 e p y T B c r cTyneHi , po3TamoBaHi BHine j i n n i HoMiHajiBHoi n o T y m i o c T i 
TpaHc opMaTopa : 
1 t i + S | t 2 + . . . t n 
K2 — — 
^HOM J ^ i + t 2 + . . . + t n 
g e S 1 , S 2 , . . s n - H a B a H T a ^ e H H i BHine m m i HoMiHajiBHoi n o T y m r o c r i 
TpaHc opMaTopa . 
1 t i + S | t 2 + . . . t n 
K2 — — — 
OHOM - \ t i + t 2 + . . . + t n 
1 (2 4 0 . 2 2 + 4 5 . 6 2 + 4 4 . 7 2 + 5 5 . 8 2 + 6 7 . 0 5 2 ) 2 
— — — — — 1 37 
4 0 , J 12 1 , 3 7 
MaKcuMaj iBHe n e p e B a H T a ^ e H H i TpaHc o p M a T o p a cTaHoBHTB 
K — ^ m a i — 6 7 . 0 5 1 67 
K m a x <-. 40 1 . 6 7 
g e SMAX - MaKcuMajiBHe HaBaHTaaceHHi TpaHc o p M a T o p a 3 a r p a iKOM 
HaBaHTa>KeHH5i. 
n o n e p e g H e 3HaneHHi K 2 H e o 6 x i g H o nopiBHiTH 3i 3HaneHHiM K m a x , 
i i K i n o K2 < 0,9 K m a x — npuHMaeMo K2 — 0,9 K m a x 
T a K I K K 2 — 1,37 < 0,9 1.67 - 1,5 < 1,37 - K2 — 1,5 n a c 
n e p e H a B a H T a ^ e H H a t r 0 g — 12 rogHH. 
3 a ,H,OCT 1 4 2 0 9 - 8 5 3 y p a x y B a H H i M eKBiBajieHTHoi TeMnepaTypu 3HMOBOTO 
n e p i o g a ( + 2 0 0 C ) Ta n a c y nepeBaHTaaceHHi t r 0 g 3 H a x o g u M o 3HaneHHi K 2 . 
nopiBH^eMo 3HaneHHi K 2 3a ^ O C T O M Ta peaiBHe. ihano 3HaneHHi K 2 no ^ O C T y 
flucm 
BP 5.6.141.812 
2 7 M3M. flucm N doKyM. flodnucb Mama 
Meini ie , H d K peaj ibHe, 3HanHTb TpaHc opMaTop o6paHO HenpaBHjibHo TOMy H e o 6 x i g r o 
y3aTH TpaHc opMaTop , 6 i j ib inoi n o T y m r o c r i . 
M o ^ e M o 3po6nTH BHCHOBOK: 
T a K aK 3 a ^ O C T O M 1 4 2 0 9 - 8 5 K 2 T a 6 j l = 1,4 < 1.5 - TpaHc opMaTop o 6 p a r o 
HenpaBHnbHo. O G n p a e M o n o T y m n n i H i i TpaHc opMaTop TP,H,LIH 6 3 0 0 0 / 2 2 0 . 
T a G j i u n a 2 . 2 - HaBaHTa>KeHHa c n o m r e a n i B n p o T a r o M g o 6 u . 
rogHHH 




































S c n % 50 4 0 60 90 80 75 75 90 100 125 150 102 














\ „> Jo , « b ^ > A 0 0 r > 
^ * fe v N ^ <f N v N ^ ? 
I ^ B O C T y n e H e B H H ^ p a i K 
H a B a H T a ^ e H H H 
H o M i H a ^ b H a n o i y > K H i c T b T p - p a 
T P ^ U H 6 3 0 0 0 / 2 2 0 
P n c y H o K 2 . 2 - ^ < HaBaHTa>KeHHa T p - p a nigcTaHnii ' B aBap i f t roMy pe>KHMi. 
5 
0 
,H,jia nepeBipKH npaBHjibHocTi B u 6 o p y TpaHc o p M a T o p a peaj ibHuii < 
HaBaHTa^eHHa n e p e T B o p u M o B gBocTyniHnacTHH. 
1 41902 .22 
K l = 6 3 . ^ 2 — = ° ' 7 
1 6 7 , 0 5 2 • 2 
M a K c u M a n b H e nepeBaHTa>KeHHa TpaHc o p M a T o p a cTaroBHTb 
K m „ * = = 6 6 0 5 = 1.06 
T a K aK K 2 = 1,06 < 0,9 • 1,06 - 0.95 < 1,06 - K2 = 1,06, n a c 
flucm 
BP 5.6.141.812 
2 8 M3M. flucm N doKyM. flodnucb Mama 
nepeHaBaHTa>KeHHJi t r o g = 2 rogHHH. 
Mo>KeMO 3po6HTH BHCHOBOK: TaK aK 3 a ^ C T O M 1 4 2 0 9 - 8 5 K 2 T a 6 - = 1,5 > 1,06 
- TpaHc opMaTop o 6 p a r o npaBHjibHo. 
2 . 2 P o 3 p a x y H o K CTpyMiB K o p o T K o r o 3aMHKaHHa Ta B n 6 i p BHCOKOBOJIBTHHX 
a n a p a r i B . 
Ta6jiHu,a 2 .3 - B n x i g m gaHi . 
S , M B A U , KB X T / 2 , O M XjI, Om Xj2, Om S c , k B A 
T P ^ U H 6 3 0 0 0 / 2 2 0 4 4 . 7 2 2 0 4 6 . 6 2 8 . 3 5 1 6 . 2 3 2 0 0 
3HaneHHa CTpyMiB KopoTKoro 3aMHKaHHa H e o 6 x i g H i g j i a npaBHjibHoro B n 6 o p y 
ycTancyBaHHa Ha CTopoHi 2 2 0 K B i 10 K B . C x e M a 3aMim,eHHa g j i a p o 3 p a x y H K y CTpyMiB 
KopoTKoro 3aMHKaHHa HaBegeHa Ha p n c . 2 . 3 . 
P o 3 p a x y H o K CTpyMiB KopoTKoro 3aMHKaHHa BHKoHacMo B iMeroBaHi i i CHCTeMi 
ogHHHILb. 
P n c y r o K 2 .3 - C x e M a 3aMim,eHHa g j i a p o 3 p a x y H K y 
CTpyMiB KopoTKoro 3aMHKaHHa 
O n i p npaiLK)K>Hoi = 10.3 OM; TpaHc opMaTopiB X T / 2 = 46.6 OM.; 
o n i p CHCTeMH X c = 19,36 OM 
I lep iogHHHa C K i a g o B a C K 3 y TOHLU K 
U 220 
I K 1 = — - - = — = 4,282 KA 
V 3 - ( X c + X J V 3 - (19,36 + 10,3) 
n e p i o g H H H a C K i a g o B a C K 3 K 2 n p i r e e g e H a g o H a n p y r a BHIIIOI CTOPOHH 
U - 2 2 0 
I K 2 = — - = — = 1 , 6 6 5 KA 
K 2 V 3 • ( X C + X - + X T ) V 3 • ( 1 9 , 3 6 + 1 0 , 3 + 4 6 , 6 ) 
flucm 
BP 5.6.141.812 ff3 
2 9 M3M. flucm N doKyM. flodnucb Mama 
peajibHHH T K 3 y TOHLU K 2 
IK2 
YgapHHH CTpyM 
= I B K2 
220 
T o " 
220 
1 , 6 6 5 - ^ 0 = 36,63 K A 
- y ToHui K x : i y g 1 = V 2 -1 ,61 - I K 1 = V 2 -1 ,61 - 4 ,282 = 9,75 KA. 
- y TOHLU K 2 : i y g 2 = V2 -1 ,61 - I K 2 = V2 - 1,61 - 36,63 = 83,40 KA. 
^onycTHMO, HIO a M n j i n y g a E ^ C i n e p i o g u H H a CKjiagoBa C K 3 He3MiHHi 3 a 
nacoM, ToMy Hepe3 Hac, JLKHH g o p i B H i o e Hacy BigioiiOHeHHii 
/ n T l = I K 1 = 4,282 KA ; TOHKH K 1 . 
7 n T 2 = I K 2 = 36,63 K A ; TOHKH K 2 . 
A n e p i o g u H H a c i o i a g o B a C K 3 g o MoMeHTy po36i>KHocTi KoHTaKTiB BHMHKaHa 
i a = V 2 - I k n - e _ T a 
z — t i ,— _ 0 , 0 6 
i a 1 = V2 - I k 1 - e _ T a i = V2 - 4 ,282 - e 0 0 2 5 = o,545 KA. 
i a 2 = V2 - I k 2 - e _ T t 2 2 = V 2 - 36,63 - e - 0 0 5 = 6,993 KA. 
g e Ta - n o c r i i i H a Hacy 3aracaHHii anepioguHHoi ' cKjiagoBoi ' . 
^ 1 : T a = 0,025 c ,giH / f 2 : T a = 0 , 0 5 C. 
iHTerpan ^ ^ o y n a : 
B K 1 = 1 1 - ( + 7 a ) = 4 , 2 8 2 2 - (0,06 + 0,025) = 1,55 K A 2 C 
B K 2 = 1 2 - ( + 7 a ) = 4 1 , 1 7 2 - (0,1 + 0,05) = 2 0 1 , 2 6 K A 2 C 
T a G j i u i L a 2 . 4 - 3HaneHHa cTpyMiB K o p o T K o r o 3aMHKaHHii. 
CTpyMH 
K 3 




C K 3 , i y 




A n e p i o g . 
c i o i a g o B a 
T K 3 , i a 
iHTerpan 
^ x c o y j i i i BK 
LHHHH 
2 2 0 K B 
( K ) 
4 , 2 8 2 K A 9 , 7 5 K A 4 , 2 8 2 K A 0 , 5 4 5 K A 1,55 ( K A ) 2 C 
LHHHH 
10 K B 
( K ) 
3 6 , 6 3 K A 8 3 , 4 0 K A 3 6 , 6 3 K A 6 , 9 9 3 K A 2 0 1 , 2 6 ( K A ) 2 C 
B u c o K o B o n b T H i eneKTpuHHi a n a p a r a BuGupaiOTbcii 3 a yMoBoio TpuBa j io ro 
p e ^ H M y po6oTH i nepeBipjiiOTbcii 3 a yMoBaMH KOPOTKHX 3aMHKaHb. n p u uboMy g j i a 
a n a p a T i B BHKoHyeTbca: 
1) B u 6 i p 3 a H a n p y r o i o ; 
flucm 
BP 5.6.141.812 
3 0 M3M. flucm N doKyM. flodnucb Mama 
2 ) B n 6 i p 3 a HarpiBaHHiiM n p u TpHBajiHx CTpyMax; 
3 ) n e p e B i p K a Ha e ieKTpogHHaMinHy CTiinciCTb; 
4 ) n e p e B i p K a Ha TepMWHy CTinKicTb; 
B n 6 o p y m g i a r a i O T b : 
- BHMHKani Ha Goni BHinoi H a n p y r u ; 
- BCTynHi BHMHKani Ha Goni 10 K B ; 
- CeKniinri BHMHKani Ha Goni 10 K B ; 
- BHMHKani , i no B i g x o g a T b , 10 K B ; po3 ' egHyBan i BHinoi H a n p y r u ; 
- TpaHC(J)opMaTopH CTpyMy i H a n p y r u 2 2 0 K B i 10 K B ; 
- o m u H o B K a p o 3 n o g i i b H u x npuCTpoiB 2 2 0 K B i 10 K B . 
^ i a B u G o p y a n a p a r i B i C T p y M o B e g y n u x naCTHH H e o 6 x i g H o BroHanuTH 
CTpyMH H o p M a i b H o r o i n i C i a a B a p i n H o r o peKHMiB. B r o m n e H H a CTpyMiB BHKoHyeTbCa 
g i a B u n a g K y yCTaHoBKH Ha nigCTaHnii C H i o B o r o T p a H C ( o p M a T o p a . P o 3 p a x o B a H o r o 
B i g n o B i g H o g o r p a ( i K a HaBaHTaKeHHa nigCTaHnii . 
CTpyM Ha Goni 2 2 0 K B : 
1 4 - 5 1 4 • 63 
J HOM ± > ^ u u TBH _ 
T Max V 3 - f / B H V 3 - 2 2 0 
CTpyM y Koiii BCTynHux BHMHKaniB Ha Goni 10 K B : 




T Max _ V 3 - ^ H H V 3 - 1 0 
CTpyM y Koiii CeKnii iHoro BHMHKana : 
1,4 • SHOM 0,7 • 63 TC.B. _ 
T Max _ 
V 3 - [ / H H - 2 V 3 - 1 0 
CTpyM y Koiii m m i , ino B i g x o g u T b : 





T Max _ 
V 3 - £ / H H - 1 0 V 3 - 1 0 - 1 0 
T a G i u n a 2 . 5 - B u G i p BHMHKana Ha Goni 2 2 0 K B . 
509,2 A. 
Y M o B a 
B u G o p y 




2 2 0 K B 2 2 0 K B 
I < I 
pacu HOM 
0 , 2 3 1 K A 2 K A 
1 nO < InpCKB 4 , 2 8 2 K A 4 0 K A 
1 yd < ICKB 9 , 7 5 K A 1 0 2 K A 
T77T — TOTKHOM 4 , 2 8 2 K A 3 1 , 5 K A 
I < I 
av a H O M 
0 , 5 4 5 K A 1 0 , 2 4 5 K A 
BK < I2rtr 1,55 ( K A ) 2 C 4 8 0 0 ( K A ) 2 C 
flucm 
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PeKOMeHgyerbCii ycTaHOBKa noBiTp iHHx BHMHKaniB B B B - 2 2 0 B - 3 1 , 5 / 2 0 0 0 y i 
TaGjmni i 2 . 6 - B n 6 i p BHMHKaniB y KOJii TpaHc o p M a T o p a Ha 6o i i i 10 K B . 
y M O B a 
B n 6 o p y 
P o 3 p a x y H K o B i 
3HaneHHa 
K a T a u o m r i 
3HaneHHa 
10 K B 10 K B 
I < I 
pacu HOM 
5 , 0 9 2 K A 9 ,5 K A 
1 nO < InpCKB 3 6 , 6 3 K A 1 0 5 K A 
1 yd < ICKB 8 3 , 4 0 K A 3 0 0 K A 
^•TjT — ^OTKHOM 3 6 , 6 3 K A 9 0 K A 
I < I 
az a H O M 
6 , 9 9 3 K A 2 5 , 5 K A 
BK < I2Ttr 2 0 1 , 2 6 ( K A ) 2 C 3 2 4 0 0 ( K A ) 2 C 
PeKoMeHgyeTbca ycTaHoBKa Mano Macj i iHHx BHMHKaniB M r y - 2 0 - 9 0 / 9 5 0 0 y 3 
Ta6jiHii i i 2 . 7 - B n 6 i p ceKi i i i iHoro BHMHKana Ha 6o i i i 10 K B . 
y M o B a 
B n 6 o p y 
Po3paxyHKOBi 
3HaneHHa 
K a T a u o m r i 
3HaneHHa 
10 K B 10 K B 
I < I 
pacu HOM 
2 , 5 4 6 K A 4 K A 
InO < InpCKB 3 6 , 6 3 K A 4 5 K A 
iy < InpCKB 8 3 , 4 0 K A 1 2 0 K A 
^•TjT — ^OTKHOM 3 6 , 6 3 K A 4 5 K A 
I < I 
az a H O M 
6 , 9 9 3 K A -
BK < Iltr 2 0 1 , 2 6 ( K A ) 2 C 8 1 0 0 ( K A ) 2 C 
PeKOMeHgyeTbca ycTaHOBKa Mano M a c j i i H o r o BHMHKana M r r - 1 0 - 4 0 0 0 - 4 5 y 3 
Ta6jiHii i i 2 . 8 - B n 6 i p po3 ' egHyBan iB 2 2 0 K B . 
y M o B a 
B n 6 o p y 
Po3paxyHKOBi 
3HaneHHa 
K a T a u o m r i 
3HaneHHa 
UC < UH 2 2 0 K B 2 2 0 K B 
I < I 
pacu HOM 
0 , 2 3 1 K A 0 , 6 3 K A 
iyd < InpCKB 9 , 7 5 K A 1 0 0 K A 
BK < Iltr 1,55 ( K A ) 2 C 4 8 0 0 ( K A ) 2 C 
flucm 
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PeKOMeHgyerbCii ycTaHOBKa p o 3 ' e g H y B a n i B P H , H - 2 2 0 / 6 3 0 T 1 
T a G u H n a 2 . 9 - B u 6 i p BHMHKaniB Ha , mo B i g x o g u T B , 10 K B . 
YMOBa PO3paxyHKOBi KaTauoKCHi 
B n 6 o p y 3HaneHHa 3HaneHHa 
10 K B 10 K B 
I < I 
pacu HOM 
0 , 5 0 9 K A 3 ,1 K A 
1 < InpCKB 3 6 , 6 3 K A 4 5 K A 
*y < InpCKB 8 3 , 4 0 K A 1 2 0 K A 
^•TjT — ^OTKHOM 3 6 , 6 3 K A 4 5 
I < I 
az a H O M 
6 , 9 9 3 K A -
BK < I2Ttr 2 0 1 , 2 6 ( K A ) 2 C 8 1 0 0 ( K A ) 2 C 
PeKoMeHgyeTbca ycTaHoBKa Mauo M a c u a H u x BHMHKaniB M r r - 1 0 - 3 1 5 0 - 4 5 Y 3 
2 . 3 . B u 6 i p OIHHHOBKH po3nog inbHHx n p u c T p o m : 
OmHHoBKy B P n 2 2 0 K B BHKoHyiOTB, aK npaBHjio , CTanean^MiHieBHMH 
n p o B o g a M H MapKH A C , n p u nboMy nepeTHH H H H noBHHeH 6yTH He MeHme 2 4 0 M M 2 
(3a yMoBaMH KopoHyBaHHa). Bu6ip nepeTHHy 3giiicHK>eTBca 3a goBrocTpoKoBo 
npnnycTHMHM cTpyMoM Ta eKoroMinHoio ^i^BHicT^ cTpyMy. 
210 M M 2 
I B H 2 3 1 
Je 1,1 
B n G n p a e M o n p o B i g A C 2 4 0 / 3 2 , ( I g o n = 6 0 5 A > 2 3 1 A ) 
MiHiMajiBHHii nepeTHH ( B u x o g a H H 3 yMoBH TepMiHHoi' cTifiKocTi) BH3HanaeTBca 
3 a (JjopMyjioio : 
F, 
7 ^ V 1 , 5 5 • 1 0 6 
13,051 M M 2 
C 9 1 
n e p e T H H 2 4 0 MM 2 n i g x o g u T B i 3a T e p M i n r o i o cTiftKicTio. 
3a pe>KHMoM K3 3rigHo 3 n Y E noBHHHi nepeBipaTuca noBtipaHi uiHii 
ejieKTponepegan npu i y g i > 50 K A gjia nonepegKeHHa cnuiTaHHa npoBogiB npu 
guHaMinHifi gii' cTpyMiB K3. TaK aK i y g i = 9,75 KA, TO nepeBipKy Ha gHHaMiHHy 
cTiHKicTB He BHKoHyCMo. 
O m u H o B K a 3aKpuTux P n 10 K B BHKoHycTBca TBepguMH muHaMH. B u 6 i p 
nepeTHHy TaKoK BHKoHycTBca 3a gonycTHMHM cTpyMoM. 
B u 6 u p a e M o K o p o G n a c r i HHHH 2 0 0 x 9 0 x 1 0 , I g o n = 7 5 5 0 A , J = 4 2 2 0 CM 4 , 
W y 0 y 0 = 4 2 2 CM, W y y = 4 0 CM, q = 3 4 3 5 MM 2 , 
flucm 
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u g o n 7 0 C ^ ^ a K T 30 C, U H o p M 25 C. 
,H,e J - MOMeHT iHepii i i n o n e p e H H o r o n e p e p i 3 y 
n e p n e H g H K y j i a p r o i g o HanpaMKy 3rHHaK>Hoi CHJIH, CM 4 ; 
q- nonepenHHH n e p e p i 3 IIIHHH, CM 2 ; 
IIIHHH m o g o o c i , 
W y 0 y 0 — MOMeHT onopy gBox 3pomeHHX mHH, CM; 
Wyy — MoMeHT onopy ogHiei mHHH, CM. 
yo 
P u c y H o K 2 . 4 - IHHHH K o p o G n a c T o r o n e p e p i 3 y 
3 ypaxyBaHHaM TeMnepaTypu HaBKomiii iHboro c e p e g o B H i u a BBogHTbca 
n o n p a B K a Ha I g o n : 
i g o n |u — ^HopM 
7 5 5 0 
| 7 0 3 0 
7 0 — 2 5 
7 , 0 9 7 K A 
T B e p g i IIIHHH noBHHHi 6yTH nepeBipeHi Ha gHHaMiHHi g i i CTpyMiB K 3 i Ha 
Mo>KjiHBicTb BHHHKHeHHa pe3oHaHCHHx aBHiu,. 3a3HaneHi i iBHma He BHHHKa^Tb n p u 
K 3 , aKiuo B j a c H a HacToTa KojiHBaHb IIIHHH MeHme 3 0 i 6 i j ib ine 2 0 0 r i i . H a c T o T a 
B j a c H H x KojHBaHb g j i a aj iKMiHieBHx mHH B r o m n a e T b c a 3 a o p M y ^ o 
/ o 
1 7 3 . 2 J 
Z2 
= 173.2 I 4 2 2 0 
1,52 2 • 3435 • 1 0 - 2 
603,3 f i j , > 200 fij 
g e l- g o B K H H a npo j iboTy M i K i3ojiaTopaMH 1 = 1 , 5 M; 
YMOBOIK MexaHiHHoi Mii iHocri mHH e 
g e 0 p a c H - po3paxyHKoBHH MexaHinHHH HanpaMoK y MaTepiaj i i mHH, M n A , 
° " g o n = 8 2 , 3 M n A - gonycTHMa MexaHiHHa H a n p y r a B MaTepiani mHH g j i a 
ajnKMnriiK MapKH A T , A 1 . 
BH3HaHHMo po3paxyHKoBy MexaHiHHy Hanpyry 3a opMy^o : 
( 8 3 , 4 0 . 1 0 3 ) 2 1 , 5 2 
tfpacH = V 3 - 1 0 - 8 V 3 • 1 0 - 8 
g e a = 0,8 M - BigcTaHb M i K a3aMH. 
BH3HaHHMo CHjy B3aeMogi i M i K nmej iepaMH : 






3 4 M3M. flucm N doKyM. flodnucb Mama 
0,5 - il - 1 0 - 7 0,5 - (83,40 - 1 0 3 ) 2 - 1 0 - 7 u , f — y — V -| 7 0 0 q H/ 
/ n " / i - 1 0 3 " 2 0 0 - 1 0 3 - 1 7 3 8 , 9 / M 
B r o m n a e M O MaKcuMaibHy BigcTaHb Mi>K MicnaMu 3BapK>BaHHa nmej i ep iB : 
; = [ 1 2 ( ^ A o n - ^ p a c H ) - ^ y y - [12(82,3 - 0 , 8 0 2 ) - 4 0 = n 
f n M a x - J / n = J 1738,9 - 4 , 7 4 M 
3BapK>BaHHa He noTp i6He , TaK aK BigcTaHb Mi>K onopHHMH i3OiaTopaMH 
Ha6araTO MeHma MaKcuMaiibHoi B i g c T a m Mi>K MicnaMu 3BapK>BaHHa m B e i e p i B . 
2 . 4 . B u G i p BHMip^BanbHHx TpaHc opMaTopiB cTpyMy Ta H a n p y r u . 
,H,jia BBiMKHeHHa eneKTpoBHMip^BaibHHx npujiagiB i npucTpoiB pejieiiHoro 
3axucTy HeoGxigHa ycTaHoBKa TpaHc opMaTopiB cTpyMy i Hanpyru. y gaHOMy 
npoeKTi peienHun 3axucT geTaibHO He po3poGjiaeTbca, ToMy nepeBipKy 
TpaHc opMaTopiB 3a BTOPUHHUM HaBaHTa>KeHHaM BuKOHyeMO 3 ypaxyBaHHaM 
BBiMKHeHHa TijibKu BuMipiOBajibHux npujiagiB. 
y Koiii cujiOBoro TpaHc opMaTopa 3 6oKy HroKHoi Hanpyru BcTaHOBiioeTbca 
aMnepMeTp, BOjibTMeTp, BapMeTp, niHuibHuKu aKTuBHoi i peaKTuBHoi eHeprii, Ha 
m u H a x 2 2 0 K B - BOjibTMeTp i3 nepeMuKaneM g j i a BuMipy T p b o x Mi:>K a3OBHx H a n p y r , 
Ha ceKninHOMy BuMuKani 10 K B - aMnepMeTp, Ha j in r iax , ino B i g x o g a T b , 10 K B -
aMnepMeTp, i i H u i b H u K u aKTuBHoi i peaKTuBHoi eHepr in . Po3paxyHOK BTopuHHoro 
HaBaHTa^eHHa TpaHc o p M a T o p a cTpyMy H a B e g e H u n y TaGjiuni 2 . 1 0 . 
T a G j i u n a 2 . 1 0 - Po3paxyHOK BTopuHHoro HaBaHTa^eHHa T p - p a cTpyMy. 
I I I I HaBaHTa>KeHHa I 
n p u i a g T u n Kj i ac n o a 3 a x 
A B C 
AMnepMeTp 3 - 3 3 5 1 0 ,5 0 ,5 0 ,5 
BaTTMeTp £ 3 5 0 1,5 0 ,5 - 0 ,5 
B a p M e T p A 3 4 5 1,5 0 ,5 - 0 ,5 
JliHujibHuK aKTuBHoi eHepr i i C A 3 1 2 , 5 - 2 , 5 
JliHujibHuK peaKTuBHoi eHepr i i C P - 4 1,5 2 , 5 - 2 , 5 
C y M a p H e HaBaHTa^eHHa cTpyMy B 
Koii cujiOBoro Tp-pa 3 GoKy HH 
6 ,5 0 ,5 6 ,5 
C y M a p H e HaBaHTa^eHHa cTpyMy B 
K o i i ceKn. BuMuKana Ha H H 
0 ,5 0 ,5 0 ,5 
C y M a p H e HaBaHTa^eHHa cTpyMy B 
K o i i c u i O B o r o T p - p a Ha Goni B H 
0 ,5 0 ,5 0 ,5 
C y M a p H e HaBaHTa^eHHa cTpyMy B 
K o i i B i g x i g H o i jiiHii 
0 , 5 0 ,5 0 ,5 
B u G i p TpaHc opMaTopiB cTpyMy HaBegeHun y TaGj iunax 2 . 1 1 - 2 . 1 3 . 
flucm 
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TaGjiHiiii 2 . 1 1 - B u 6 i p TpaHc o p M a T o p a 
TpaHc o p M a T o p a Ha 6o i i i BUHIO H a n p y r u ( 2 2 0 K B ) : 
CTpyMy B Koiii c n n o B o r o 
Y M o B a 
B n 6 o p y 




2 2 0 K B 2 2 0 K B 
I < I 
pacu HOM 
0 , 2 3 1 K A 0 ,5 K A 
S < InpCKB 9 , 7 5 K A 2 5 K A 
BK < I2Ttr 1,55 ( K A ) 2 C 2 8 8 ( K A ) 2 C 
7 < 7 
7 H < 7 H.HOM 
0 , 8 3 O M 1,2 O M 
nepeBipKH 3 a BTOPHHHHM HaBaHTaKceHHiiM B r o m n a e M o o n i p n p u n a g i B 
S 0 5 
7 0,02 OM 
I 2 5 2 
T o g i o n i p cnouyHHHx n p o B o g i B M o K e 6yTH 
7 = 7 —7 —7 
g e : 7 n p — HOMiHajibHHH onip HaBaHTa>KeHHfl, OM; 
7 n p H ^ - onip npu iag iB, OM; 
7 K — onip KOHTaKTiB, OM. 
7 n p = 1,2 — 0,02 — 0,1 = 1,08 OM. 
I lepeTHH cnouyHHHx n p o B o g i B 3 a yMoBaMH MexaHiHHoi Mii iHocr i noBHHHHH 
6yTH He MeHme HDK 4 MM 2 gua a u ^ M i H i e B u x . 
n e p e T H H n p u g o B ^ H H i K a 6 e u a I = 100 M 
7 n p = p 
g e : p - nuToMufi o n i p aniOMiHiK), o,0T83, 
F - nepeTuH , MM2 , 
77 
7 n p 
S a r a n b H u i i o n i p c T p y M o B o r o K o u a 
I 
F 
OM • MM 
M 
100 
0 ,0283- —— = 0,71 OM 
4 
7 H = 7 n p H J 1 + 7 f c + 7 n p = 0,02 + 0,1 + 0,71 = 0,83 OM 
m,o MeHme HDK 1,2 O M , n p u n y c r a M u x n p u p o 6 o T i TpaHc o p M a T o p a B Kuac i 
TOHHOCT 0 , 5 . 
T p a H c opMaTop cTpyMy T O S M - 2 2 0 E - I I I B i g n o B i g a e yMoBaM B u 6 o p y . 
flucm 
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T a G u H n a 2 . 1 2 - B u 6 i p TpaHc o p M a T o p a cTpyMy y K o m TpaHc o p M a T o p a Ha 
6 o n i 10 K B : 
y M o B a 
BHGopy 
P o 3 p a x y H K o B i 
3HaneHHa 
K a T a n o K H i 
3HaneHHa 
10 K B 10 K B 
I < I 
pacu HOM 
5 , 0 9 2 K A 5 K A 
i < L 
y dun 
8 3 , 4 0 K A -
BK < Ih 
K T r 
2 0 1 , 2 6 ( K A ) 2 C 3 6 7 5 ( K A ) 2 C 
7 < 7 0 , 6 4 3 1,2 
^ n a nepeBipKH 3 a BTOPHHHHM HaBaHTaKeHHaM BH3HanaeMo o n i p n p H n a g i B 




I 2 5 2 
T o g i o n i p cnojryHHHx n p o B o g i B M o K e GyTH 
7 = 7 — 7 — 7 
•^np ^HOM ^npHII K 
g e : 7 n p — HOMiHaiibHHH onip HaBaHTa>KeHHfl, OM; 
7 n p H I — Onip npmiagiB, OM; 
7 K — Onip KOHTaKTiB, OM. 
7 n p = 1,2 — 0,26 — 0,1 = 0,84 OM. 
n e p e T H H cnojryHHHx n p o B o g i B 3 a yMoBaMH MexaHiHHoi' M i n r o c T i noBHHHHH 
G y r a He MeHme HDK 4 M M 2 g j a ajnoMiHieBHx . 
n e p e T H H K H J npH goBKHHi KaGena Z = 40 M 
I 
F 
OM • MM 
7 n p = ^ 
M 
g e : p - nHToMHH o n i p ajnoMiHiio, o,0283,-
F - nepeTHH , MM2 , 
4 0 
7 n p = 0 , 0 2 8 3 — = 0 , 2 8 3 OM 
n p
 4 
3 a r a u HHH o n i p c T p y M o B o r o K o u a 
7 H = 7 n p H I + 7 f c + 7 n p = 0 , 2 6 + 0 , 1 + 0 , 2 8 3 = 0 , 6 4 3 OM 
MeHme HDK 1,2 O M , npHnycTHMHx npH p o G o T TpaHc o p M a T o p a B K m c i 
TOHHOCT 0 , 5 . 
PeKoMeHgyeTbca BHGpaTH TpaHc opMaTop T L H J T - 1 0 . 
fucm 
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TaGnHna 2 . 1 3 - BHGip TpaHc o p M a T o p a cTpyMy Ha uiHii , m o B i g x o g H T b 
y M o B a 
BHGopy 
P o 3 p a x y H K o B i 
3HaneHHa 
K a T a n o K H i 
3HaneHHa 
UC < UH 10 K B 10 K B 
I < I 
paCH HOM 
0 , 5 0 9 K A 0 ,8 K A 
i < h 
y dun 
8 3 , 4 0 K A 1 0 0 K A 
BK < ITtr 2 0 1 , 2 6 ( K A ) 2 C 9 9 2 , 5 ( K A ) 2 C 
7 < 7 0 , 1 4 8 3 O M 0 ,4 O M 
^ n a nepeBipKH 3 a BTOPHHHHM HaBaHTaKeHHaM BH3HanaeMo o n i p n p H n a g i B 
S 0 5 
7 n p H i = " f T " = " 5 T = 0,02 OM 
T o g i o n i p cnojryHHHx n p o B o g i B M o K e GyTH 
7 = 7 — 7 — 7 
g e : 7 n p — HOMiHaiibHHH Onip HaBaHTa>KeHHfl, OM; 
7 n p H I — Onip npu iag iB, OM; 
7 K — Onip KOHTaKTiB, OM. 
7 n p = 1,2 — 0,02 — 0,1 = 1,08 OM. 
nepeTHH cnojryHHHx npoBogiB 3a yMoBaMH MexaHiHHoi' MinHocTi noBHHHHH 
GyTH He MeHme HDK 4MM2 4 MM 2 gja ajnoMiHieBHx KCHJL 
nepeTHH npu goBKHHi KaGena / = 4 M 
I 
g e : p - nuToMHH o n i p ajnoMiHiio, o,0283, O m ' M M , 
M 
F - nepeTHH , MM2 , 
4 
7 n p = 0,0283 • - = 0,0283 OM 
n p
 4 
3aranbHHH o n i p c T p y M o B o r o K o n a 
7 H = 7 n p H I + 7 f c + 7 n p = 0,02 + 0,1 + 0,0283 = 0,1483 OM 




M3M. flucm N doKyM. nodnucb Mama 
TOHHOCTl 0 , 5 . 
BepeMO g o ycTaHOBKH TpaHC(J)opMaTop CTpyMy T O J I - 1 0 . 
B u 6 i p TpaHc(OpMaTOpiB H a n p y r u 
B u 6 i p TpaHc(OpMaTOpiB H a n p y r u npoBogHTbCa nO Hanpy3i Ta noTy>KHOCTi. 







HOMiHajibHa Hanpyra O6MOTOK, B HoMiHaibHa 
nOTy^HiCTb 
y KjiaCi, B A 
a ,Tb 















H K O -
2 2 0 -
5 8 Y 1 
2 2 0 1 5 0 0 0 0 / V 3 1 0 0 / V 3 1 0 0 4 0 0 2000 1 /1 /1 -0 -0 
TaGj iu i i a 2 . 1 5 - B u 6 i p T p a H C ( o p M a T o p a H a n p y r u 3 6 o K y H H 
Tun UHOM U M a x 
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2 . 5 . OGipyHTyBaHHii c x e M u eueKTpuHHux 3 'egHaHb nigcTaHii i i . 
P u c y H o K 2 . 5 - C x e M a eueKTpuHHux 3 'egHaHb nigcTaHii i i . 
BuKopucTaHHa gaHoro Tuny cxeM eueKTpuHHux 3'egHaHb nigcTaHiiii 
3yMoBueHe B nepmy nepry HagifimcTK) B nopiBHiiHHi 3i cxeMaMu 3 ogHieio ceKiiieiK 
muH Ta MeHmora BapTicTK) npoeKTyBaHHii y nopiBmnnii 3i cxeMaMu, ge 
BuKopucToByeTbca gBi ceKiiii 3 geKiubKoMa cMyraMu 36ipHux Ha ceKiira. 
^ a H u f i Tun c x e M u g o 3 B o u a e piBHoMipHo p o 3 n o g i u u T u HaBaHTaKceHHii Ha 
TpaHc opMaTopHy n i g c T a H i i r a , a T a K o K 3 a 6 e 3 n e i n r r a 6e3nepe6 i f iHe KcuBneHHii 
c n o K u B a n i B y B u n a g K a x aBapif iHux BuMKHeHb KcuBneHHii Ha n igcTaHi i i i 3 a B g a K u 
HaaBHocTi c e K i i f i H o r o BuMuKana Q B 1 . B gaHifi cxeMi KcuBneHHii cnoKcuBaniB 
Big6yBaeTbca Big gBOTpaHc opMaTopHoi nigcTaHiiii no gBoM MapKu npoBogiB 
fucm 
BP 5.6.141.812 
4 0 M3M. fucm N doKyM. fodnucb Mama 
A C - 2 4 0 / 3 2 . KoMyTaii,iii jiiHift 3 6 o K y BHIIJOI H a n p y r u B igGyBaeTbca 3aBgiiKH 
BHMHKanaM Q 1 Ta Q 2 . 3 6 o K y HH3BKOI H a n p y r u KoMyTai im BigGyBaeTbca 3aBgiiKH 
BHMHKanaM aBTOMaranHHM Q 3 Ta Q 4 . P o 3 ' e g H y B a n i Q S pa3oM i3 KopoTKo3aMHKanaMH 
,n,o3BojiiiK>Tb BigiMKHyTH j i iH iK y pa3 i H e o 6 x i g H o c r i , a TaKom muiiixoM CTBopeHHa 
nnyHHoro K3. CeKiiiftHHft BHMHKan 3 6oKy HH3bKoi' Hanpyru go3Bonae 3giftcHHTH 
>KHBjieHHii cnoKHBaniB o6ox ceKiiift ogronacHo Big ogHoro TpaHc opMaTopa y 
BunagKy peMoHTy iHmoro. 
P o 3 r a a H e M o B u n a g o K , KOJIH Ha n igcTaHi i i i B i g 6 y n o c a K 3 . i i ie i cxeMH, y 
HopMaibHoMy peKHMi ceKiiiiiHHH BHMHKan po3iMKHeHHft. HKIUO K 3 B i g 6 y n o c a Ha 
muHi HH3bKoi H a n p y r u Ha ceKii i i Ta , m o 3j i iBa, M a K T b c n p a i i K B a r a aBTOMaranHi 
BHMHKani Q 3 Ta Bci BHMHKani Ha j i H i a x , m o B i g x o g a T b . T a K o m Mome c n p a i i K B a r a 
3ano6bKHHK Ha jiiHii TpaHc o p M a T o p a H a n p y r u Ta TpaHc o p M a T o p a Bj iacHux n o T p e 6 , 
JIKIII,O cTpyM n e p e B u m u T b BcTaHoBjieHe 3HaneHHa cTpyMy nj iaBKoi BcTaBKH 
3ano6 iKHHKa. n p u K 3 Ha 3 6 o K y BHCOKOI H a n p y r u c n p a i i K e BHMHKan Ha jiiHii 
g o TpaHc opMaTopa . 
HKIUO K H e o 6 x i g H o B H B e c r a y peMoHT o g H y i3 jiiHift, m o KHBjiiiTb c n o K H B a n i B , 
TO n o T p i 6 r o 3aMKHyTH ceKiiiftHHft BHMHKan, i KHBjieHHii B c i x c n o K H B a n i B 
B i g 6 y g e T b c a nepe3 ogHH TpaHc opMaTop . y pa3 i BHHHKHeHHii K 3 y jiiHii m o 
B i g x o g u T b c n p a i i K e BHMHKan TijibKH B iiift jiiHii. 
2 . 6 . B u 6 i p TpaHc opMaTopiB Bj iacHux n o T p e 6 
npuHManaMH B i a c H u x n o T p e 6 e: 
- onepaTHBHi K o i a ; 
- e i e K T p o g B u r y H H , cucTeMH o x o u o g K e H H i i CHJIOBHX TpaHc opMaTopiB, 
BucBiT ieHHa i ejieKTpoonajieHHii npuMimeHb; 
- e i e K T p o n i g i r p i B a H H a KoMyTaiiiftHoi a n a p a T y p u i T.g. 
CyMapHa po3paxyHKoBa noTymiicTb npuftMana BjiacHHx noTpe6 BH3HanaeTbca 
3 ypaxyBaHHiiM Koe i^ieHTiB nonmy. Po3paxyHoK noTyKHocT npuftMana BjiacHHx 
n o T p e 6 HaBegeHHft y Ta6n . 16. 
H a n igcTaHi i i i n e p e g 6 a n a e T b c a ycTaHoBKa 2 TpaHc opMaTopiB Bj iacHux 
noTpe6. HoMiHaibHa noTymiicTb Bu6upaeTbca 3 yMoB S T C I I > S C H , 
g e s r c i I - noTymHicTb TpaHc o p M a T o p a Bj iacHux n o T p e 6 , K B A ; 
SCH - noTymHicTb c n o K H B a n i B B i a c H u x n o T p e 6 , K B A . 
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T a 6 j i H i L a 2 . 1 6 - Po3paxyHOK n o T y m i o c T i npuHManiB BjiacHHx n o T p e 6 
n /n 
HaiiMeHyBaHHii 
c n o x c H B a n a 
y c T a r o B j i e H a 
n o T y ^ H i c T B 
cos < p tg cp 
HaBaHTaKceHHa 
O g u H u n i , 
K B T 
KilBKicTB 
B c b o r o , 
K B T K B T 
Q y c ^ 
K B A p 
1 
O x o u o g x c e H H a 
TpaHc opMaTopi 
B 6 3 0 0 0 / 2 2 0 
2 x 2 9 , 6 5 9 , 2 0 , 8 5 0 , 6 2 5 9 , 2 3 6 , 7 
2 





2 x 3 , 6 7 , 2 1 - 7 , 2 -
3 
n i g i r p i B 
n p u B o g i B 
po3 ' egHyBan iB 
3OBHUIIHBOI 
yCTaHoBKH 





3 a K p u T o r o P y 
5 5 1 - 5 -
5 OcBr raeHHa P y 5 5 1 - 5 -
B c b o r o 7 8 , 8 3 6 , 7 
P o 3 p a x y H K o B e HaBaHTaKceHHa 
-*ycT K C ' ^ P y c T + Qycr 
K c - Koe i^ieHT nonHTy. n p u f i M a e M o piBHHM 0 ,8 
SycT = 0.8 V 7 8 . 8 y + 3 6 . 7 y = 69.54 K B A 
n i g n a c BBiMKHeHHa i i b o r o HaBaHTa>KeHHa Ha ogHH TpaHc opMaTop 
g o n y c K a e T b c a fioro nepeBaHTaxceHHa Ha 2 0 % . n o T y m r i c T b TpaHc o p M a T o p a g j i a 
3a6e3neneHHa >KHBjieHHa HaBaHTameHHa BjiacHHx n o T p e 6 3 ypaxyBaHHaM peMoHTHHx 
HaBaHTa^eHb. P e M o a r a e HaBaHTa^eHHa Ha nigcTaHnii ' Mo>KHa 6 p a r a TaKHM, m o 
g o p i B H i o e S T C P 2 0 - 2 5 K B A . 
STCH = = 6 9 , 5 4 + 2 0 = 7 4 , 6 1 k B A . 
B e p e M o cTaHgapTHy n o T y m r i c T b TpaHc o p M a T o p a STCH = 1 0 0 K B A . O c T a r o n H o 
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>KHBjieHHii cnoKCHBana BjiacHHx n o T p e 6 6epeMO g B a TpaHc opMaTopH 
OTaHgapTHOi noTyKHocTi : T M - 1 0 0 / 1 0 . 
2 . 7 . KoMnoHyBaHHa po3nogi j ibHHx n p n c T p o i B Ha 6o i i i 2 2 0 K B . 
n i g c T a H i i i i ( n C ) 2 2 0 K B c n o p y g K y i O T b , I K npaBHjio , BigKpHTHMH. 
C n o p y g K e H H a 3aKpHTHx n C H a n p y r o i o 2 2 0 K B , g o n y c K a e T b c a B TaKHx 
B n n a g K a x : p o 3 M i ^ e H H a n C i3 TpaHc opMaTopaMH 16 M B A i BHiue Ha cjiyKcGoBiii 
TepHTopii MicT, p o 3 M i ^ e H H a n C Ha TepuTop i i MicT, KOJIH i ie g o n y c K a e T b c a 
MicTo6ygiBHHM MipcyBaHHaM. 
H a n C ejieKTponocTaHaHHii n p o M u c i o B u x n i g n p u e M c T B n e p e g G a n a e T b c a 
B o g a H e onaj ieHHa, n p u e g H a H e g o T e n i o B u x M e p e K n ignpueMcTB. 
ByguHKH 3 P y ( 3 a K p u T u x P Y ) g o n y c K a e T b c a BHKoHyBara aK oKpeMo 
p o 3 M i ^ e H i , TaK i 36jioKoBaHHMH 3 6yguHKaMH P n y B ToMy HHcjii i n o BepTHKajii. 
T p a H c opMaTopH 2 2 0 K B BapTo ycTaHoBjiK>Bara BigcpHTHMH, a y pa f ioHax i3 
3a6pygHeHoo> aTMOc epoK> 3 nocHjieHoio i3ojuniieK>. 
CxeMH g i i a H a n p y r 2 2 0 K B i BHiue noBHHHi c K i a g a T H c a 3 ypaxyBaHHaM TaKHx 
BHMor: peMoHT BHMHKaniB 1 1 0 K B i BHrne BHKoHyeTbca 6e3 BigKinoHeHHa npHegHaHb: 
noBiTpaHi jiiHii B i g K i ^ H a ^ T b c a B ig P n He 6i j ib ine HDK g B o M a BHMHKanaMH, 
TpaHc opMaTopH 6noKiB B i g K i ^ H a ^ T b c a He 6i j ib ine HDK TpboMa BHMHKanaMH i T.iH. 
n p H BigKinoHeHHax BHMHKaniB y HopMaibHoMy peKHMi P n He noBHHHe 
BigicjiiOHara 6 i i b m e o g H o r o 6 i o K a , y peMoHTHoMy - He 6 i i b m e g B o x GjiociB. 
P n 3 5 - 2 2 0 K B npH HHcjii npHegHaHb 1 2 - 1 6 o g H y 3 g B o x cHcTeM 
ceKiiioHyiOTb, npH HHci i npHegHaHb 6 i i b m HDK 16 -ceKiiioHyiOTb o 6 H g B i cHcTeMH 
mHH. 
2 . 8 . KoMnoHyBaHHa p o 3 n o g i i b H H x npHcTpoiB Ha 6o i i i 10 K B . 
P n 10 K B B x o g a T b g o cccjiagy nigcTaHii i i i aK r o i o B H i P n . P n 10 K B 
nigcTaHii i i i n i g K i o n a o T b c a noHHKcyiOHi TpaHc opMaTopH, cHHxpoHHi 
KoMneHcaTopH Ta iH. 
CxeMH P n 10 K B noBHHHi 3 a g o B o i b H i T H HacTynHHM BHMoraM: 
H e c n p a i O B a H H a BHMHKana He noBHHHe npHBogHTH g o npHnHHeHHa 
e i e K T p o n o c T a n a H H a B i g n o B i g a i b H H x cnoKCHBaniB (1 K a T e r o p i a n o H Y 3 ) , 
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po3iiiHpeHHii P n 3 pocTOM HaBaHTameHB He noBHHHe npHBogHTH g o 3MLHH cxeMH i 
3HanHHx 6yg iBenbHHx i MoHTa>KHHx po6 iT . 
CeKniiOBaHHa 3 6 i p m r x O H H g o 3 B o u a e 3agoBojiBHHTH BHMoru HagifiHocTi. 
P o 3 m u p e H H a P n 3gif tcHioeTBca 3anoBHeHH«M pe3epBHHx o c e p e g K i B a 6 o BBegeHHaM 
HOBOI ceKni i . 
P Y 10 K B g j i a KoMnjieKTHHx TpaHc opMaTopiB n C BHKoHyeTbca y BHrj iagi 
K P y H a 6 o K P Y , BcTaHoBjiiOBaHHx y 3 a K p u r a x npHMimeHHax. Y 3 P Y 10 K B 
peKoMeHgycTbci i B c T a H o B j n o B a r a m a H K P Y 3 a B o g c b K o r o BHroToBjieHHa. 
2 . 9 . 3a3eMjnoiOHi n p u c T p o i n igcTaHni i . 
Y c i eneKTpHHHi nacTHHH ej ieKTpoycTaHoBoK, m o HopMajiBHo He 3 H a x o g a T b c a 
n i g H a n p y r o r a , a i e 3gaTHi BHaBHTHca n i g HHM nepe3 yn iKogmeHHa i3o j ian i i , noBHHHi 
HagifiHo 3 ' e g H y B a r a c a i3 3eMjieo>. T a K e 3a3eMjieHHa Ha3HBaeTbca 3axucHHM. 
3a3eMieHHa , npu3HaneHe g j i a cTBopeHB HopMajibHux yMoB po6oTH a n a p a T a a 6 o 
e ieKTpoycTaHoBKH, Ha3HBaeTbca PO6OHHM. 
,H,jia 3 a x u c T y ycTaTKyBaHHa B i g yn iKogmeHHa y g a p o M GuucKaBKH 
3 a c T o c o B y e T b c a r p o 3 o 3 a x u c T 3 a g o n o M o r o r a po3pagHHKiB, cTproKHeBHx i TpocoBHx 
6 n u c K a B K o B i g B o g i B , m o npuegHyiOTbca g o r p o 3 o 3 a x u c H o r o 3a3eMjieHHa. H a 
n i g c T a H n i a x BHKopucToByeTbca ogHH 3arajiBHHH npucTpi f i , m o 3a3eMjnoe. 
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3 P 0 3 P A X Y H 0 K P E J I E H H O r O 3 A X H C T Y T P A H C O O P M A T O P A 
3 .1 B r o H a n e H n a napaMeTpiB , H e o 6 x i g H u x g j i a p o 3 p a x y H K y 3 a x n c T y 
TpaHc opMaTopiB 
3rigH0 3aBgaHHa, Heo6xigro BHKoHaTH po3paxyHoK 3axncTy gjia 
TpaHc o p M a T o p a T u n y T P £ I J H - 6 3 0 0 0 / 2 2 0 . T p a H c opMaTop oTpnMye KcuBjieHHa B ig 
eHeprocncTeMH 3 napaMeTpaMu xCMaKC= 12 O M ; xaMUH= 18 O M (onip HaBegeHo go 
UCP.HOM= 230 KB). 
1. ,H,jia c K i a g a H H a c x e M u 3aMiineHHa ( p n c . 3 . 1 ) p o 3 p a x y e M o o n i p 
TpaHc opMaTopa : 
a ) 3 a r a i b H e iHgyKTHBHnn o n i p : 
U U2 1 2 2 3 0 2 
100.8 OM 
100 SH 100 63 
6 ) o n i p O6MOTKH B u i n o i H a n p y r u : 
XB = 0.125 • XT = 0.125 • 100.8 = 12.6 OM 
B ) o n i p O6MOTKH HHKnoi H a n p y r u : 




PucyHoK 3.1. - CxeMa (a) i cxeMa 3aMiineHHa (6) TpaHc opMaTopa 3 
po3inenjieHoi O6MOTKOK. 
2 . n p u p o 3 p a x y H K a x cTpyMiB K 3 g j i a 3 a x u c T i B TpaHc opMaTopiB 3 P n H c j i ig 
BpaxyBaTH 3MiHy o n o p y 3 a p a x y H o K p e r y j i K B a H H a H a n p y r u . £ n a TpaHc opMaTopiB 
2 2 0 K B Ha6nuK:eHo M o K H a n p u n H a T u : 
XH.MHH = *H.HOM • (1 - A f / ) 2 = 12.6 • (1 - 0 . 1 2 ) 2 = 9.8 OM 
flucm 
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*H.Max = *H.HOM • (1 + A t / ) 2 = 12.6 - (1 + 0 . 1 2 ) 2 = 15.8 OM 
T o g i 
XB.MHH = ^B.HOM • (1 - A t / ) 2 = 176.3 - (1 - 0 . 1 2 ) 2 = 136.6 OM 
^H.Max = *B.HOM • (1 + A ^ ) 2 = 176.3 • (1 + 0 . 1 2 ) 2 = 221.2 OM 
3. CTpyM K o p o T K o r o 3aMHKaHHa Ha mHHax HHKCHO! H a n p y r n (TOHKa K 1 , p i c . 
3 . 1 ) : 
/ K ( 3 M ) a x = ^ c p . H 0 M = 2 3 0 = 8 3 9 A 
K . M a X V3 • ( X c . M a x + *B.MHH + *H.MHH) V 3 - ( 1 2 + 136.6 + 9 .8 ) 
/ ( 2 ) = ^ C p . H 0 M = 2 3 0 = 4 5 1 A 
K . M U H 2 • (XC.M„H + *B.Max + * H . M a x ) 2 - (18 + 221.2 + 15.8) 
3 . 2 nogoBKCHi i i gn(()epeHHiajibHHH CTpyMoBHH 3axncT . 
1. CTpyM cnpau,boByBaHHii 3 a x n c T y BH3HanaeTbca 3 a 6ijibiHHM 3 g B o x 
po3paxyHKoBHx yMoB: a ) B i g 6 y g o B a B i g KHgKa cTpyMy HaMarHinyBaHHa, m o BHHHKae 
n p n BKironeHHi T p a H c ( o p M a T o p a Ha XOJIOCTHH x i g a 6 o n p n BigHoBjieHHi H a n p y r n 
n i c j i a BigKjnoHeHHa K 3 , a T a K o K B i g n e p e x i g H H x cTpyMiB H e 6 a u a H c y n p n 3oBHimHix 
K 3 : 
A = k - / 
'C.3 "-OTC 'HOM 
g e komc - Koe() inieHT B i g 6 y g o B H , g j i a pe i i e T u n y P H T komc = 1,3; IH0M -
HoMiHaibHHH cTpyM Tiei' CTOPOHH T p a H c ( o p M a T o p a , H a n p y r a a K o i npuHHaTo B incocri 
po3paxyHKoBoi ' ; 
5 T 63 
/HOM — /— — 1— — 158 A 
V3 - ^CP.HOM V3 - 230 
/ C 3 = 1.3 - 1 5 8 = 206 A 
6 ) B i g 6 y g o B a B i g MaKcnMajibHoro n e p i o g n n H o r o cTpyMy He6aj iaHcy, m o 
BHHHKae n p n 3oBHiimrix K 3 : 
g e k3 = 1,3 - Koe(()iHieHT 3 a n a c y n o B u 6 i p K o B o c r i ; IH6PACH - MaKcHMajibHHH 
po3paxyHKoBHH cTpyM H e 6 a i a H c y , aKHH BH3HanaeTbca aK cyMa T p b o x cKj iagoBHx, 
nponopHiHHnx n e p i o g n n H o i cKj i agoBoi cTpyMy K 3 , 
A = A' + A" + A'" 
J H6.pacn J H6.pacn J H6.pacn J H6.pacn 
c K i a g o B a cTpyMy I'H6PACH o6yMoBj ieHa noxn6KoK> T p a H c ( o p M a T o p a cTpyMy: 
A' = - p - A 
'H6.pacH "-ogH c 'K.Max 
g e KdH = 1,0; s = 0 , 1 ; IKMaKC - MaKcHMaibHHH cTpyM 3oBHimHboro K 3 , 
npuBegeHHH g o po3paxyHKoBoi ' cTyneHi H a n p y r n . 
C K i a g o B a 6 PACH o6yMoBj ieHa peryj i ioBaHHaM K o e ( i H i e H T a T p a H c ( o p M a H i i 
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CHjiOBoro TpaHC(J)opMaTopa (aBTOTpaHc o p M a T o p a ) n i c j i a T o r o , aK 3 a x n c T 6 y B 
36anaHCOBaHHH Ha cepegHi i i B igna imi . L],e CKjiagoBa B r o m n a e T b c a aK c y M a CTpyMiB 
HeOajiaHcy Ha c r o p o m x , g e e p e r y j i K B a H H a : 
I" = > A/7 • I 
i H6.pacH / Z - I L 'H K.MaX.H 
n=I 
g e A U n - B igHocHa n o x u O K a p e r y j i K B a H H a H a n p y r u , npu i iMaeTBca p i B H o K 
nouoBHHi g i a n a 3 o H y p e r y j i K B a H H a 6 o K y n T p a H c ( o p M a r o p a ( a K m o p e r y j i K B a H H a 
+ 1 0 % , TO AUn =0,1); IKMaKcn - MaKCHMajiBHHH nepiognHHHH CTpyM, m o n p o T i K a e n o 
CTopoHi n T p a H c ( o p M a T o p a . C K i a g o B a I'"6 PACH oOyMoBjieHa HeTOHHicTK yCTaHoBKH Ha 
pe j ie po3paxyHKoBHx n u c e n BHTKiB: 
^H(5.pacH ^ ' " ^K.MaX.H 
n=I 
w - w 
i n. pacu n — 
g e A w n = - n o x u o K a BupiBHKBaHHa g j i a CTopoHH n 
w n 
T p a H c ( o p M a r o p a . 
3 ypaxyBaHHaM H a B e g e H u x Bupa3 iB BHKoHyeMo p o 3 p a x y H o K CTpyMy 
c n p a u b o B y B a H H a 3 a x u c T y n o yMoBi H a n a r o g m e H H a B i g CTpyMy H e 6 a j i a H c y : / C 3 = k3 • 
(kogH • 8 + At/,) • /KML = 1.3 • (1.0 • 0.1 + 0.12) • 839 = 240 A 
n p u H M a e M o 6i j iBine 3HaneHHa 7 C 3 = 240 A. 
2 . B u 6 i p T u n y pe j ie B u p o G i a e T b c a Ha ocHoBi OLU'HKU n y r a H B o c T i 3 a x u c T y , aKy 
BH3HanaeMo HaOjiroiceHo, BBa>KaK)HH, m o Becb CTpyM yn iKogmeHHa (npuBegeHHfi g o 
BTopuHHoi CTopoHi) n o T p a n j i a e B pe j ie . n o n e p e g H a n e p e B i p K a nyTiHBocTi 
n p o B o g u T b c a n o nepBHHHoMy ToKy n p u g B o ( a 3 H o M y K 3 Ha CTopoHi H H , n p u u,BoMy 
noBHHHa BHKoHyBaTuca yMoBa: 
r (2) 
/tH = — — > 2.0 
4 5 1 
fc = 240 = 1 8 8 < 2 
3. O c K i i b K H 3 a x u c T 3 pe j ie T u n y P H T He 3 a 6 e 3 n e n y e nyT iHBocTi , TO 
3 a c T o c o B y e M o pe j ie T u n y 7 J , 3 T - 1 1 , g j i a a K o r o CTpyM cnpau,BoByBaHHa 3 a x u c T y 
B u G u p a e T b c a 3 a yMoBaMu: 
a ) B i g 6 y g o B a B ig K u g K a H a M a r a i n y e CTpyMy 
, = • I „ , = 1,5 • 316 = 474,4 A . 
6 ) B i g 6 y g o B a B ig CTpyMy HeOajiaHcy n p u K 3 Ha HrobKii i CTopoHi 
flucm 
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4.3 = 3 - (kom - E + ) • / K ( 3M }ax = 1.5 • (1.0 • 0.1 + 0.12) - 839 = 277 A 
CTpyM cnpanbOByBaHHii 3axHCTy npuiiMaeMO n o 6i j ib inoMy yMOB 
4.3 = 277 A. 
4. B r o m n a e M O n y r a u B i c T b 3 a x u c T y n p u K 3 Ha CTopoHi H H n p u MiHiMajibHOMy 
pery j iKBaHHi : 
7 ( 2 ) 4 5 1 
fe = — = 277 = 1 . 6 3 
H e 3HaneHHa ku g e m o MeHme HOpMOBaHOrO, npOTe, B>Ke n p u HOMiHajibHOMy 
K ^ i n i e f f r i TpaHc o p M a ^ i i TpaHc o p M a T o p a CTpyM K 3 cKj iage : 
r(2) = ^ c p . H o M = 2 3 0 = . 
K . M H H 2 • (XCMHH + ^ 3 + XH) 2 - ( 1 8 + 12.6 + 1 7 6 . 3 ) 
i Heo6xigHHH ^ ^ ^ n y r a u B o c T i 3 a 6 e 3 n e n y e T b c a 
556 
k , = = 2 . 0 1 
T o M y 3 a x u c T pe i i e £ 3 T - 1 1 MO>Ke 6 y r a 3acTocoBaHnn . 
T e n e p npoBegeMO B n 6 i p ycTaBOK pe i i e T u n y £ 3 T - 1 1 
1. B r o m n a e M O nepBHHHi HOMiHajibHi cTpyMu g j i a g B o x cTopiH 3axu inaeTbc i i 3 a 
opMy IOK>: 
S 
7 H O M . H = 3 - ii 
g e SHOM - HOMiHajibHa n o T y m r i c T b TpaHc o p M a T o p a ; 
UHOM.H - HOMiHajibHy H a n p y r y 6 o K y 3axu inaeTbc i i . 
,H,jia CTOPOHH B n c o K o i H a n p y r u 2 3 0 K B : 
_ 6 3 0 0 0 _ 
/ H O M . H = V f : 2 3 0 = 1 5 8 A 
,H,jia cTopoHu HU3bKoi H a n p y r u 1 0 , 5 K B : 
_ 6 3 0 0 0 _ 
/ H O M . H = V ? 7 ! ^ = 3 4 6 4 A 
2 . Bu3HanaeMO BTopuHHi HOMiHajibHi cTpyMu n n e n e n 3 a x u c T y : 
'HOM.H "XX.H 
'3.HOM.H 77 
K / . n 
g e kcx.n - K ^ i n i e H T c x e M u 3'egHaHHa BTOPUHHUX O6MOTOK TpaHc o p M a T o p a 
Ha 3axu inaeTbc i i cTopoHi o6 ' eKTa ( n p u 3'egHaHHi O6MOTOK B 3ipKy kcx = 1,0; n p u 
3'egHaHHi O6MOTOK B TpuKyTHuK kcx = J3); 
Kj n - Koe i^ieHT TpaHc o p M a ^ i i TpaHc o p M a T o p a , npuHHirrai i Ha 
3axHinaeTbci i cTopoHi o6 ' eKTa ( n p u B u 6 o p i ^ ^ ^ ^ T T T p e 6 a B p a x o B y B a T u , m o 6 
flucm 
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BTopHHHi HOMiHajibHi CTpyMH icTOTHO He nepeBHHyBaj iH nacnopTHi 3HaneHHa 
CTpyMiB 5 A a 6 o 1 A ) . C T o p o H a 3 H a n G i i b m u M BTOPHHHHM CTpyMOM npuf iMaeTbca aK 
OCHOBHHH, H O 3 a G e 3 n e n y e HaftMeHiny n o x u G K y BHpiBHKmaHHa g j i a pe j i e . 
,H,jia CTOPOHH BHcoKoro H a n p a K e H i a 2 3 0 K B : 
1 5 8 - 3 
= = 4 57 A 
'B.HOM.H nr\r\ • 3 0 0 / 
,H,jia CTOPOHH HH3bKoi' H a n p y r u 1 0 , 5 K B 
^B.HOM.H 
3464 
4.33 A 4 0 0 0 / 
/ 5 
B p a x o B y i o H H , H O oGMoTKa HH3bKoi' H a n p y r u TpaHccJDopMaropa BHKoHaHa 
po3H,enneHoi , oTpHMaHe 3HaneHHa cTpyMy HeoGxigHo n o g B o r r a 
OTpHMaHi po3paxyHKoBi gaHi HaBogHMo B TaGjiHui 3 . 1 . 
I. 8 ,66 A . 
TaGj iHua 3 . 1 . - P o 3 p a x y H o K nepBHHHHx Ta BTOPHHHHX cTpyMiB cTopiH 
TpaHc o p M a T o p a 
no3HaneHHa napaMeTpiB 
I - B H -
2 3 0 K B 
II - H H -
1 0 , 5 K B 
I A 
HOM.n 1 
1 5 8 3 4 6 4 
3 0 0 / 5 4 0 0 0 / 5 
C x e M a 3'egHaHHa 
TpaHc o p M a T o p a 
TpHKyTHHK 3 ipKa 
I A 
B.HOM.n ' 
4 , 5 7 8 ,66 
3 TaGjiHui 3 .1 BHnjiHBae, H O B a K o c r i OCHOBHOI c j i ig B3aTH c r o p o H y HH3bKoi 
H a n p y r u ( 1 0 , 5 K B ) , H O Mae G i i b m u f i BTOPHHHHH HoMiHaibHufi cTpyM. 
3. CTpyM c n p a u b o B y B a H H a pe j i e g j i a OCHOBHOI CTOPOHH TpaHc o p M a T o p a 





g e U 
HanpyrH. 
hom.pacu HoMiHajibHa H a n p y r a 3 GoKy, B i g n o B i g H o i p o 3 p a x y H K o B o i cTyneHi 
Acp.n 
2 7 7 - 1 -
230 
10.5 
4 0 0 0 
7.58 A 
/ 5 
4. P o 3 p a x y H K o B e HHCJIO BHTKiB p o G o n o i OGMOTKH g j i a OCHOBHOI CTOPOHH 
BH3HanaeMo 3 a o p M y ^ o : 
flucm 
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^OCH.paCH 
1 Cp 100 
= = 13.2 BHTKOB A 7 58 
'C.p.OCH / . 5 8 
n p u f i M a e M o HaftOjiroKHe MeHme i u i i e 3HaneHHa w O C H p a C H = 13 Bunc iB , m o 
3 a 6 e 3 n e n y e 3 a n a c n o BuOipKoBocTi . n p u i iboMy ( a K r a H H u f t CTpyM cnpau,boByBaHHa 
pe j ie CTaHoBuTb: 
_ 100 _ 
^C.p.OCH = 1 3 = 7 . 6 9 A 
5. P o 3 p a x y H o K n u c u a BUTQB g j i a iHinoi CTopoHu 3 a x u c T y BuOupaeMo 3 a 
yMoBaMu O a i a H c y Ha pe j i e M ^ C 3 a x u c T y n p u 3oBHiniHBoMy K 3 a 6 o HopMajibHoMy 
p e m i M i ( p u c . 3 . 2 ) : 
3 B i g K u 
/^B.HOM.OCH \ 
w p a C H . n = WOCH - l~7 I 
'B.HOM.Tl ' 
8.66 
WpaCH = 13 • 4 7 5 7 = 24.6 BHTKOB 
n p u f i M a e M o HaftOjiroKHe i i ine 3HaneHHa, m o 3 a 6 e 3 n e n y e HaftMeHiny n o x u O K y 
BupiBHKBaHHa WI = 2 5 BuTKiB. 
N = L 
N = LL 
,K1 
KA 
P u c y H o K 3 . 2 - C n p o m e H a c x e M a gH e p e H ^ i a u b H o r o 3 a x u c T y 3 pe j i e 7 J ,3T-11 . 
6. YTonHeHufi CTpyM cnpauboByBaHHa 3axucTy 3 ypaxyBaHHaM noxuOKu 
BupiBHKBaHHa 3HaxoguTbca 3a Bupa3aMu: 
fucm 
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4 . 3 = k 3 ( / £ o A H • £ + At/, + Aw,) • 7 K M a x = 1.5(1.0 • 0.1 + 0.12 + 0.014) • 839 
= 294 A 
g e 
W p a c H - W ; 2 4 . 6 - 2 5 
Aw 7 = —p = — — — — = 0.014 
WpacH 24.6 
7. YTOHHeHHH po3paxyHKOBHH CTpyM cnpai ibOByBaHHa p e i e B r o m n a e M O 3 a 
opMy oK>: 
l . ( ^HOM ) , 230 
r = ^ H O M . J K = 10.5 = 8 0 5 4 
' c p . o c n / / / / ) 4 0 0 0 / 5 8 . 0 5 
8. PO3paxyHKOBHH CTpyM He6aj iaHcy 3 a x n c T y n p u K 3 Ha CTOpOHi H H , g e 
n e p e g G a n e r o r a i b M y B a H H a , 3 ypaxyBaHHiiM n o x u G c u BHpiBHKmaHHii 3HaxogHTbCii 3 a 
Bnpa3aMH, HaBegeHHMH B n. 3 . 2 . 1 : 
U . p a c n = ^ n e p • e + At/, + Aw / 7 ) • 7K.Max = 1.5(1.0 • 0.1 + 0.12 + 0 .0147) • 839 
= 295 A 
g e 
W p a c n - W ; 1 3 . 2 - 1 3 
Aw, = — = — — — — = 0.0147 
w p a c n 1 3 , 2 
9. ^ H C L O BHTKiB raibMiBHHH O6MOTKH, n io 3 a 6 e 3 n e n y e HagifiHy B i g 6 y g O B y p e i e 
B ig CTpyMy H e 6 a i a H c y n p u gaHOMy BHgi K 3 , BH3HanaeTBCa 3 a Bupa3OM: 
^ T o p M . n 7 . 7~~ 
'TopM.n ^9cc 
g e k3 = 1 ,5; ImopMn - nepBHHHHH raibMOBHH CTpyM Ha 3axHmaen>c i i CTopoHi 
TpaHc o p M a T o p a , Ha inciii BKLioneHa r a i b M i B H a o6MOTKa; tga = 0 , 7 5 - TaHreHC KyTa 
H a x n n y goTHHHOi npoBegeHoi ' 3 n o n a n c y KOopgHHaT g o HH>KHboi po3paxyHKOBoi ' n o 
Bn6ipKOBOCTi ra ibMiBHOi x a p a K T e p u c T H i i ( p u c . 3 . 3 ) . 
1.5 . 295 . 13 
^ T o p M . n = ~ 8 3 9 ~ 0 ~ 7 5 ~ = 9 . 1 - 9 BHTKOB 
TaKHM HHHOM, g o ycTaHOBKH Ha pe j ie npuiiMaiOTbCii HacTynHi BHTKH: 
wi = 5 T . , = 1 3 ^ WmopM = 9 n m 
10. ^ y T i H B i c T b 3 a x u c T y BH3HanaeMO Ha6LH>KeHO 3 a nepBHHHHMu CTpyMiB n p u 
po3paxyHKOBOMy K 3 Ha CTopoHi H H gjLa B u n a g c i B MiHiMaibHoro i HopMajibHoro 
peryLiOBaHHa TpaHc opMaTopa : 
r(2) 
I 'K.MHH 
KH = — 
' c .3 
g e Ic 3 - aKTHHHHH CTpyM c n p a i b O B y B a H H a 3 a x u c T y , BH3HanaeTbca 3 B u p a 3 y 
flucm 
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I c.p.n 
I • k • 
'C.3 " X X 
/^HOM.paCH \ 
V ^HOM.n / 
/ . n 
3BigKH 
k /^HOM.paCH \ 
HOM.nn 
g e . PM = . P.OCH = 7 , 5 8 A . 
7.58 • 4 0 0 0 / 5 
= 2 3 0 = 80.9 A 
10.5 
T o g i BH3HaHaeMO ^ ^ ^ HyTjiHBOCTi: 
4 5 1 556 
280.9 280.9 
PncyHOK 3 .3 . - X a p a K T e p n c T H K a g j i a BH3HaneHHa HyraHBOCTi g i ^ e p e H n i a j i b H o r o 
3axHCTy 3 pe j i e T n n y ,H,3T-11 n p n HaaBHOCTi rajibMyBaHHa. 
OcKinbKH ^ ^ ^ HyTjiHBOCTi 3axHCTy n p n HopMajibHOMy peryjiiOBaHHi 
H a n p y r a npaKTHHHO B i g n o B i g a e HopMOBaHOMy, a n p n MiHiMajibHOMy peryjiiOBaHHi 
goCHTb BHCOKHH, TO 3axHCT 3 pe j ie ^ 3 T - 1 1 peKOMeHgyeTbCa g o yCTaHOBKH. 
3.3 MaKCHMaibHHH CTpyMOBHH 3aXHCT 
1. ^ n a gBOo6MOTKOBHx TpaHc opMaTopiB 3axuCT BCTaHOBjnoeTbca Ha CTopoHi 
K H B i e H H a ( B H ) i BHKOHyeTbca gBopejieHHHM i3 3'egHaHHaM TpaHc o p M a T o p a B 
TpnKyTHHK g j i a nigBHineHHa HyTjiHBOCTi. T a K aK B gaHOMy B u n a g K y o6MOTKa H H 
flucm 
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po3menj ieHa, TO B Kojji KO^HOTO Bigrajry>KeHHii BcTaHoBUKCTbcii OKpeMHH M C 3 , JIK 
npaBHjio , 3 nycKoM n o Hanpy3i . 3 a x u c T g i e 3 g B o M a BHTpHMKaMH n a c y : 3 n e p m o i 
BHTPHMKOK BigKUKHaeTbci i BHMHKan Bigrajry>KeHHii n H , 3 g p y r o i - Bci BHMHKani 
o6 'eKTa. 
2 . C n o n a T K y BH3HanaeMo cTpyM cnpanboByBaHHii M C 3 6e3 n y c K y n o Hanpy3i , 
3KHH B i g 6 y g o B y e T b c a B i g MaKcHMaubHoro cTpyMy HaBaHTa^eHHa 3 ypaxyBaHHiiM 
c a M o 3 a n y c K a p y x o B o r o HaBaHTa^eHHa: 
k • k • I 
I c . 3 
g e k3 = 1,2 - KoecJrinieHT 3 a n a c y n o B u G i p K o B o c r i ; kB = 0,8 - K ^ i n i e H T 
noBepHeHHa pe i i e P T - 4 0 ; kc - ^ ^ c a M o 3 a n y c K y , ino B p a x o B y e 3 6 i i b m e H H a 
cTpyMy 3arajibMoBaHoK> p y x o B o r o HaBaHTa^eHHa n i c u a BigHoBjjeHHii H a n p y r u , 
npuHMaeMo kc = 2,5; I H a r p M a x - MaKcHMaibHHH cTpyM HaBaHTa^eHHa, npunMaeMo 
piBHHM HoMiHaibHoro cTpyMy TpaHc opMaTopa . 
1,2 • 2,5 • 158 
I = — = 592,5 A 
c . 3 0,8 
3. ] & ^ ^ ^ n y r a H B o c T i 3 a x u c T y BH3HanaeMo n p u g B o a3HOMy M e T a i e B o M y 
K 3 B MnriMajibHoMy pe>KHMi 
I ( 2 ) 4 5 1 
fe " = 59225 = 0 . 7 6 < 1 . 2 
O c K i j b K H nyTHHBicTb M C 3 6e3 n y c K y n o Hanpy3i BHimnaeTbcii H e g o c T a T H b o K , 
3acTocyeMo GnoKyBaHHii n o Hanpy3i 3 6 o K y H H TpaHc opMaTopa . 
4 . CTpyM cnpanboByBaHHii M C 3 3 nycKoM n o Hanpy3i B i g 6 y g o B y e T b c a B i g 
HoMiHaubHoro cTpyMy TpaHc o p M a T o p a IH0M Ha cTopoHi , g e BcTaHoBjjeHo 3 a x u c T : 
' c .3 i 'Harp .Max 
1,2 
I c 3 = 7T7V 158 = 237 A 
c . 3 0,8 
a nyTHHBicTb 3 a x u c T y B Tin >Ke p o 3 p a x y H K o B i n TOHLU cKj j age : 
4 5 1 
= 237 = 1 . 9 
5. H a n p y r a cnpanboByBaHHii n y c K o B o r o o p r a H y MiHiMaubHoi H a n p y r u , 
BHKoHaHoro y BHrnag i p e j j e , BKHKHeHoro Ha M b ^ a 3 o B y H a n p y r y , BH3HanaeMo 
H a G n u ^ e H o 3 a yMoBaMH B i g 6 y g o B H Big cTpyMiB c a M o 3 a n y c K y p y x o B o r o 
HaBaHTa>KeHH5i n p u BigHoBjjeHHi H a n p y r u : 
flucm 
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^ ^C.MHH 
g e ke = 1,2 - KoecjnnieHT n o B e p H e m u i gui i pe j i e MiHiMaubHoi H a n p y r n ; Uc m u h -
MiHiMajibHa Mim])a3OBa H a n p y r a B yMOBax caMO3anycKa n p n BigHOBiieHHi H a n p y r n , 
) U c . MUH = 0 , 7 U H O M • 
0 , 7 - 2 2 0 
^ c . a = 1 = 128,3 K B 
6. H a n p y r y cnpanbOByBaHHii nycKOBOrO OpraHy nO 3BopoTHift nOCJiigOBHOCTi 
KOM6iHOBaHOrO n y c K y nO Hanpy3i npniiMaeMO piBHOK MiHiMaibHifi ycTaBn i iJIbTp-
pe i ie : 
f/ 2 c 3 = 0,06 - f/C3 = 0,06 - 220 = 13,2 K B 
7. ^ y T i n B i c T b 6jiOKyK>Hnx OpraHiB n e p e B i p a e T b c a n p n K 3 Ha npnftoMHnx 
cTOpOHax TpaHc o p M a T o p a , K y g n i n igKUKHeHi GuoKyKTb p e u e , TO6TO ^ ^ = 0 , a 
_ £/ _ 220 _ 
" 2 T v f - J T v f - 6 3 , 5 K B 
fcH=-^ = 6 3 : 2 = 4 , 8 1 > 1 , 5 
^ 2 C . 3
 1 3 , 2 
OcKiubKn n p n K 3 Ha npuHMaibHif i cTopoHi TpaHc o p M a T o p a kH > 1,5, TO 
g n epeH^iaJIbHy 3 a x n c T m n H n Ha nift cTopoHi MOKHa He BcTaHOBUKBara . 
8. CTpyM cnpanbOByBaHHa 3 a x n c T y B ig cnMeTpnnHoro nepeBaHTameHHii , ino 
g i e Ha c n r H a u , B r o H a n a e T b c a 3 a yMOBOK HaiiarogmeHHii B i g HOMiHaiibHoro cTpyMy 
TpaHc o p M a T o p a Ha cTopoHi , g e BcTaHOBiieHo 3 a x n c T , 3 a BUCIOBOM 
fc3 1,05 
— - T̂.HOM — ~0"8~ - 158 — 207,4 A 
9. B n T p n M K a n a c y M C 3 y 3 r o g ^ y e T b c a 3 BnTpnMKOK n a c y 3 a x n c T y uiHii Ha 
cTopoHi H H . 
flucm 
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4 . O C H O B H I B H M O r H / J O 3 A C T O C y B A H H f l , M O H T A 3 K Y T A E K C n J i y A T A I T l I 
B E H T H J 1 L H H X P O 3 P J I / X H H K I B 
BeHTHjibHi po3pagHHKH ( B P ) n p r o m n e H i g j i a 3 a x n c T y i3o j ian i i B ig r p o 3 0 B H x Ta 
KopoTKOHacHHx KoMyTanif iHux n e p e H a n p y r . B P MO^yTB e K c n u y a T y B a r a c a Ha 
BigKpHTOMy noBiTpi Ha BHcoTi g o 1 0 0 0 M Hag piBHeM Mopa . 
n p n HoBoMy 6ygiBHHUTBi Ta pewoHcTpyKnii ejieKTpHHHHx Mepe>K BHKopucTaHHa B P 
g j i a 3 a x n c T y B i g n e p e H a n p y r y M e p e ^ a x 3 5 - 7 5 0 K B 3a6opoHeHo . 3 a H a a B H o c T 
T e x m n r o r o o6rpyHTyBaHHa g j i a 3 a x u c T y noBiTpaHHx Mepe>K 6 - 1 0 K B go3Boj ieHo 
BcTaHoBieHHa B P , aKino 3acTocyBaHHa nninrx 3 a c o 6 i B HeMo>KjiHBo. 
Ki iMaTHHHe BHKoHaHHa Ta K a T e r o p i a po3MiineHHa B P noBHHHi B i g n o B i g a r a 
HopMaibHHM 3HaneHHaM KiiMaTHHHHx HHHHHKiB n o B t i p a B Micni ycTaHoBieHHa 
B i g n o B i g H o g o BHMor r O C T 1 5 1 5 0 - 6 9 Ta HHHHHX npaBHji y j i a i i nyBaHHa 
e j eKTpoycTaHoBoK. 
H o M i H a i b H a H a n p y r a B P , i x n p o 6 u B H i Ta 3ajiHiiiKoBi H a n p y r a noBHHHi B i g n o B i g a r a 
HaiiGijiBiiiHM PO6OHHM HanpyraM i piBHaM eneKTpuHHoi cr i f iKocTi i3oj ian i i 
e jeKTpoycTaTKyBaHHa. 
B P M a K T b 3 a c T o c o B y B a T u c b B i g n o B i g H o g o Kjiacy HoMiHajibHoi H a n p y r u M e p e ^ i , 
T u n y BHKoHaHHa eneKTpoo6nagHaHHa, a K e 3axHinaeTbca , Ta Micna ycTaHoBjieHHa. / J g a 
3 a x u c T y i3o j ian i i e j ieKTpoycTaTKyBaHHa H a n p y r o K g o 1,0 K B H e 3 a n e ^ H o B ig pe>KHMy 
HefiTpani Mepe>K M o ^ y T b 3 a c T o c o B y B a r a c a po3pagHHKH cepif i P B H - 0 , 5 i P B H - 1 . / J g a 
3 a x u c T y P y Ta TpaHccJDopMaropiB 6 - 1 0 K B B i g rpo3oBHx n e p e H a n p y r M o ^ y T b 
3 a c T o c o B y B a T u c a po3pagHHKH cepif i P B n , P B O a 6 o P B M , a TaKo>K iHmi MapKH 
po3pagHHKiB, n p u g a T H u x g o BHKopucTaHHa n p u 3 a g a H u x pe>KHMax HefiTpajii M e p e ^ i . P y 
Ta TpaHccjDopMaropu 1 5 - 3 5 K B M o ^ y T b 3 a x H i n a r a c a po3pagHHKaMu c e p i i P B C a 6 o P B M 
B i g n o B i g H o g o HoMiHajbHoi HanpyrH e jeKTpoycTaTKyBaHHa. 
B P cepif i P B E - 2 5 M , P B - 2 5 i P B M E - 2 5 3 a c T o c o B y K T b g j i a 3 a x u c T y i3o j ian i i 
e i eKTpoycTaTKyBaHHa B i g r p o 3 o B u x i KopoTKonacHux BHyTpimHix n e p e H a n p y r , n i g n a c 
eKcnjiyaTanii ix B yMoBax Bi6panifi (Ha Kopnycax ejieKTpoBo3iB, Ha KpumKax 
TpaHccjDopMaropiB a6o aBT0TpaHc opMaTopiB TOHIO). 
P y 1 1 0 , 1 5 0 Ta 2 2 0 K B , a T a w m cuj ioBi TpaHc opMaTopH ( A T ) 1 1 0 , 1 5 0 Ta 2 2 0 K B 
3 BHyTpiniHboio i 3 o j i a n i e K , B U K O M H O K 3 Bunpo6HHMu HanpyraMH, M o ^ y T b 3 a x H i n a r a c a 
B ig n e p e H a n p y r po3pagHHKaMH c e p i i P B M r B i g n o B i g H u x KjiaciB H a n p y r u . 
T p a H c opMaTopH ( A T ) 3 i 3 o j i a n i e K ( r O C T 1 5 1 6 . 1 - 7 6 ) M o ^ y T b 6 y r a 3axu ineHi 3 a 
g o n o M o r o K po3pagHHKiB cepif i P B M r 1 1 0 , 1 5 0 , 2 2 0 , 3 3 0 , 5 0 0 Ta 7 5 0 K B ( P B M K 3 3 0 , 
flucm 
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5 0 0 Ta 7 5 0 K B - g n u 3 a x n c T y B i g KOMyTanifiHux n e p e H a n p y r Ha npuegHaHHux 
m y H T y ^ H H x peaKTop iB) BignoBigHO. 
y P y , inci THMnacoBO eKcnjjyaTyiKTb Ha 3HH^eHifi Hanpy3i m o g o Kj jacy o n o p H o i Ta 
n igB icHo i i3Ojjiinii, HOMiHajjbHa H a n p y r a B P noBHHHa BignoBigaTH HOMiHajjbHifi Hanpy3i 
CHHOBHX i B H M i p ^ B a n b H u x TpaHc opMaTopiB. 
.ZJjis 3 a x u c T y i3Ojjiinii HefiTpajji OGMOTOK TpaHc opMaTopiB H a n p y r o K 1 1 0 - 2 2 0 K B 
B P noBHHHi B u G u p a r a c b B i g n o B i g H o g o Kj jacy i3Ojjunii HefiTpajji, Haf iGij jbmoro 
M o ^ n u B o r o 3HaneHHa H a n p y r u nacTOTH 5 0 r n Mi>K HeftTpajjjJK) Ta 3eMjjeiK B HopMajjbHux 
Ta aBapi f iHux p e ^ H M a x ejjeKTpoycTaHOBKu, HafiGijjbiHoi n p u n y c r a M o i H a n p y r u Ha B P 
( H a n p y r u rac iHHu) Ta MiHiMajjbHoro 3HaneHHu npoGuBHoi H a n p y r u n b o r o p o 3 p u g H u K a 
n p u npoMucnoBi f i nacTOTi 5 0 r n 3 ypaxyBaHHaM KOopguHani i B u n p o G y B a j b H u x H a n p y r 
i3Ojjinj,ii i3 3 a JHIHKOBHMH H a n p y r a M u po3pugHuKiB n p u Haf iGi^bmux MO^HUBUX 
i M n y j b c H u x cTpyMax, a j je He Gijjbime HDK 1 K A . 
3 a yMOBaMu Hagif iHoro raciHHu g y r u c y n p o B i g H o r o cTpyMy HafiGij jbma g o n y c T u M a 
H a n p y r a ( H a n p y r a rac iHHu) p o 3 p u g H u K a noBuHHa GyTu He MeHme: 
- 1 1 0 % HafiGijJbiHoi p o G o n o i jjiHifiHoi H a n p y r u M e p e ^ i ( U H . p . ) - g n u Mepe>K 3 
i3OJbOBaHOK HeiiTpanjjK) aGo 3 KOMneHcanieiK eMHicHoro cTpyMy 3aMuKaHHu Ha 3eMjjK>; 
- 1 0 0 % UH.p . - g n u Mepe>K H a n p y r o K 3 5 - 1 1 0 K B 3 i3OjjbOBaHOK> HefiTpajjjjK); 
- 8 0 % UH.p . - gjra Mepe>K H a n p y r o K 1 1 0 K B i Bu ine 3 e eKTHBHO 3a3eMjjeHOK) 
HefiTpajjjjK) 3 Koe inieHTOM 3a3eMjjeHHii He Gi j jbme 0 ,8 . 
H a n p y r a raciHHu p o 3 p u g H u K a Mae G y r a He MeHmoro, HDK MaKcuMajjbHe M O ^ n u B e 
3HaneHHa H a n p y r u n p o M u a u o B o i nacTOTu B Micni fioro ycTaHOBjjeHHu. 
y M e p e ^ a x 1 1 0 K B i Bu ine B pa3 i BuHuKHeHHu He iHTaraux cuTyani f i , n p u UKUX Ha 
i3Ojjinj,ii He3a3eMjjeHoi HefiTpajji OGMOTKU B H TpaHc opMaTopiB BuHuKae g o B r o T p u B a j j a 
H a n p y r a i3 3HaHeHHHMu, HaGnroKeHuMu g o B u n p o G y B a j b H o i ogHoxBunuHHoi H a n p y r u 
3rigHO 3 r O C T 1 5 1 6 - 7 6 , g n u 3 a x u c T y B i g n o B i g H o i i 3onan i i HefiTpajji OGMOTKU 
TpaHc opMaTopiB MO^Ha 3 a c T o c o B y B a T u TaKy KOMGiHaniw ejjeMeHTiB po3pugHuKiB 
c e p i i P B C : 
- Ha 1 1 0 K B - P B C - 3 5 + P B C - 1 5 ; 
- Ha 1 5 0 K B - P B C - 3 5 + P B C - 3 5 ; 
- Ha 2 2 0 K B - P B C - 1 1 0 + P B C - 1 5 . 
y c x e M a x eneKTpoycTaHOBOK, g e MO^nuBi HenoBHo a3Hi cnpanboByBaHHii 
KOMyTanifiHux a n a p a T i B ( n o B t i p u H u x BuMuKaniB, B igoKpeMHKBaniB TOIHO), noTpiGHO 
BuKopucTOByBaTu n p u c T p o i aBTOMaTuHHoro 3a3eMjeHHu HefiTpajji, u K c n p a n b O B y K T b 
n p u gocurHeHHi Ha Hifi 7 5 % i Gijjbime a3Hoi H a n p y r u . Hi' n p u c T p o i 3 a n o G i r a K T b 
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pyiiHyBaHHK) po3pagHHKiB, ycTaHOBiieHHx y HeHTpaui. 
OgHOTHimi eueMeHTH po3pagHHKiB cepii ' P B C a 6 o P B M r pi3HHx r p y n go3BOiieHO 
3acTOCOByBara B ogHifi a3i , a K m o pi3HHHa ixHix o n o p i B a 6 o CTpyMiB n p o B i g r o c r i He 
BHxoguTb 3 a M e K ± 3 0 % HopMOBaHoro 3HaneHHa, a 3HaneHHa n p o 6 u B H H x H a n p y r n p u 
npoMHCJiOBiii nacTOTi B ignoBiga iKTb BHMoraM iHCTpyKHifi nignpueMCTB-BupoGHUKiB. 
^ u a po3pagHHKiB T u n y P B M r 2 2 0 K B i BHme H H K H eiieMeHTH po3pagHHKa noBHHHi 
MaTH n i g c u i e H i - ^ 
OcHOBHi xapaKTepHCTHKH B P , BH3HaneHi 3 a KaTajioraMH nignpueMCTB-BupoGHUKiB, 
noBHHHi B ignoBigaTH yMOBaM MicHa 3acTOcyBaHHa. 
B P , y aKHx HHKHin Kpafi i3OuaHiHHoro K O K y x a po3TamoBaHHH Hag piBHeM 
n i a H y B a H H a nigcTaHHii Ha BHCOTi He MeHme 2 5 0 0 MM, go3BOJiaeTbca BCTaHOBuiKBaTH 
6e3 nocTifiHHx o r o p o K . 
B P noBHHHi 6yTH BCTaHOBieHi y B P Y , 3 P Y Ha c n e H i a i b H u x CToaKax a 6 o Ha 
o r o p o g K e H H x yHgaMeHTax BHCOTOK He MeHme HDK 3 0 0 MM B i g piBHa nuaHyBaHHa 
nigcTaHHii 3 ypaxyBaHHaM BHMor 3axHCTy po3pagHHKiB B ig 3JIHBOBHX B o g Ta BHCOTH 
c H i r o B o r o noKpHBy. 
B i g c T a H i MDK a3aMH, Ha aKHx ycTaHOBjieHi B P , a 6 o B i g B P g o 3a3eMjieHHx a 6 o 
TaKHx, m o 3 H a x o g a T b c a n i g H a n p y r o K iHmHx eueMeHTiB n igcTaHni i i , MaiKTb 6yTH He 
MeHme 3HaneHb, BKa3aHHx y HHHHHX npaBHi iax y u a i i n y B a H H a eueKTpoycTaHOBOK. 
OmHHOBKy B P y B P Y Ta 3 P Y peKOMeHgyeTbca BHKOHyBaTH KOPCTKHMH MigHHMH 
a 6 o a iKMiHieBHMH mHHaMH. 3HaneHHa TaKiHHa B roprooHTaubHOMy HanpaMKy 
npHegHaHoro g o B P n p o B o g y He noBHHHe n e p e B H i u y B a r a 3HaneHb, BH3HaneHHx 
nignpHGMCTBaMH-BHpo6HHKaMH. 
B P OnOpHOrO THny nOBHHHi 6yTH BCTaHOBiieHi BepTHKaibHO 3 gonycTHMHM 
BigxHieHHaM B i g BepTHKaibHoro n o u o K e H H a 3rigHO 3 TexmnHOK) goKyMeHTaHieiK 
nignpHGMCTB-BHpo6HHKiB. I x omHHOBKa y B P Y Mae 6yTH BHKOHaHa raynKHM MigHHM, 
a iKMiHieBHM a 6 o CTaueBHM gpoTOM, nepeTHH a K o r o d i g n p u H M a r a 3 a yMOBaMH 
KopoHH. 
CTpyMOcnycKH g o B P MaiKTb KpinHTHca 3 p o 3 p a x o B a H O K , i n o 6 yHHKHyTH 
aK He6e3nenHoro o g H o 6 i n H o r o TaKiHHa, TaK i HeBHnpaBgaHHx po3ro f igyBaHb n p o B o g i B . 
YcTaHOBieHi Ha n J I : B P 3 - 6 - 1 0 K B THniB P B n i P B O noBHHHi 6yTH 3aKpinueHi 
xoMyTaMH g o c n e n i a u b H o i TpaBepcH; B P 1 5 - 2 0 - 3 5 - 1 1 0 - 1 5 0 K B THniB P B C , P B M r 
noBHHHi 6yTH 3aKpinueHi Ha BHHOCHHX KpoHmTef iHax-TpaBepcax , aKi npHKpinuiKiKTbca 
g o o n o p , a 6 o Ha cneHiaubHHx MangaHHHKax, 3MOHTOBaHHx y c e p e g H H i A n - n o g i 6 H H x 
g e p e B ' a H H x o n o p , a 6 o Ha o 6 r o p o g K e H H x CToaKax, po3TamoBaHHx 6 e 3 n o c e p e g H b o 6 m a 
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o n o p . 
HlHHa 3a3eMjieHHii KO^HOI a H B P , ycTaHOBjieHoro g j i a 3 a x n c T y i3oj iani i 
T p a i ^ o p M a r o p a ( A T ) , n p u e g H y e T b c a g o 3a3eMjnoBaj ibHoro KoHTypy n i g c T a H n i i n o 
Haf iKopoTmoMy m j i a x y TaK, m o 6 Micne ii npuegHaHHa 3HaxogHj iocb MDK ToHKaMH 
npuegHaHHa 3a3eMjnoBajibHHx npoBigHHKiB n o p T a i y i TpaHc opMaTopa . 
B P Mae 6yTH npuegHaHHM g o OIHHHOBKH nigcTaHnii ' 3 a n e ^ H o B i g Micna fioro 
ycTaHoBjieHHa TaKHM HHHOM: 
- go 36ipHnx muH - nepe3 cBoi po3'egHyBani a6o 3arajibHi 3 TpaHc opMaTopaMH 
Hanpyru; 
- g o OIHHHOBKH TpaHc opMaTopiB ( A T ) - r j iyxuMH Bigrajry>KeHHaMH 6e3 
p o 3 ' e g H y B a n i B ; 
- He3ane^Ho Big Micna ycTaHoBKH - cneniajibHHMH 3axBaTaMH, aKi gaiOTb 3Mory 
BMHKaTH i BHMHKaTH 3aci6 3axucTy 3a gonoMoroo i3ojnoBajibHoi , B 
eieKTpoycTaHoBKax i3 3a6pygHeHoo> aTMOc epo . 
Micne BcTaHoBieHHa BP y PY Mae 3a6e3neHyBara npunycTHMi BigcTaHi go 
ejieKTpoo6jiagHaHHa, mo 3axum,aeTbca, 3 ypaxyBaHHaM Mo>KjiHBocTi 3pyHHoro 
npuegHaHHa Ta 6e3nenHoro oGcuyroByBaHHa. BigcTaHi Big BP MaoTb BignoBigara 
3HaneHHaM, HaBegeHHM y HHHHHX npaBHjiax yjiaiHTyBaHHa ejieKTpoycTaHoBoK. 
3MiHH B cxeMi ycTaHoBieHHa 6araToeneMeHTHux BP, mo Bigpi3HaoTbca Big 
npufiHaTux 3a iHcTpyKniaMH nignpueMcTB-Bupo6HHKiB, Heo6xigHo norog>KyBara 3 
HHMH. 
n i c j i a 3aKiHneHHa M o H T a ^ y Bci 3oBHimHi MeTajieBi geTaj i i a n a p a T a , KpiM 
n a c n o p T H u x muTKiB, a TaKo>K neMeHTHi apMyBajibHi H B H M a o T b 6yTH n o a p 6 o B a H i 
B o i o r o c T i f i K o o a p 6 o a 6 o eMajijno. 
Mi>K A T i B P , aKi 3 a c T o c o B y o T b c a g j i a 3 a x u c T y ix i3oj ian i i , He TOBHHHO 6yTH 
KoMyTanif iHux anapaT iB ( p o 3 ' e g H y B a n i B , B i g o K p e M i O B a n i B , BHMUKaniB). 
B i j i a po3pagHHKiB 3 3 0 K B Ta B u m e T u n y P B M K y K o i a x 3a3eMjieHHa noc j i i goBHo 
M a o T b 6 y r a BcTaHoBjieHi iMiTaTopu, n p r o m n e H i g j i a KOHTPOJIIO 3 a n a c y n p o n y c K H o i 
c n p o M o m r o c r i Hei iHif iHux p o 6 o n u x pe3ucTop iB . 
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B H C H O B K H 
B n p o n e c i BHKOHaHHii po6oTH 6y j i o npoBegeHO po3paxyHOK 3aMKHeHOi 
eneKTpHHHOi M e p e ^ i , KOH i ^ y p a ^ i a JIKOI 6 y u a BH3HaneHa 3aBgaHHiiM po6oTH. 
3 ypaxyBaHH^M 3 a g a H u x noTy^HOCTefi KiHneBHx c n o m r e a n i B eueKTpHHHOi 
M e p e ^ i 6yjiH B u G p a H B i g n o B i g H T u n u TpaHc opMaTopiB Ha n igcTaHni i ix , 3 a n a c 
noTy^HOCTi JIKHX 3ga raHf t 3a6e3nenHTH 6e3nepe6i f tHe eneKTponocTanaHHa 
c n o ^ H B a n i B JIK B HopMaiibHOMy TaK i B aBapifiHOMy pe>KHMax. 
i cHyionoi KOH i r y p a ^ i l 3aMKHyTOi M e p e ^ i 6yuH p o 3 p a x o B a H i n a p a M e T p u 
cxeMH 3aMiineHHii i TpaHc opMaTopiB, cKi iageHa po3paxyHKOBy c x e M y 
3aMiineHHii Mepe>Ki Ta B r o m n e r o po3paxyHKOBi HaBaHTa^eHHa By3JiiB M e p e ^ i . 
PeryuiOBaHHii Hanpyru Ha BuGpamft cxeMi (3a gonoMoroio npucTpoiB PITH 
TpaHc opMaTopiB) noKa3aio, mo MH MO^eMO nigTpuMyBara gonycTHMe B Me^ax 
HopMH (+5%) 3HaneHHa Hanpyru y KiHneBoro cnomreana. 
y n p o n e c i p o 3 p a x y H K y eneKTpuHHOi nacTHHH n igcTaHni i I T C - 2 6 y u a n p o B e g e H a 
n e p e B i p K a npaBHiibHocTi B u G o p y HOMiHaiibHOi n o T y m r o c r i BcTaHOBueHux 
TpaHc opMaTopiB Ta 3 g i n c H e r o BuGip Ha n i g c T a B i p o 3 p a x y H K y cTpyMiB K o p o T K o r o 
3aMHKaHHa B u c o K O B o i b T H u x a n a p a T i B P n , BHMipioBajibHHx TpaHc opMaTopiB 
cTpyMy i H a n p y r u . 
n p u BHKOHaHHi p o 3 p a x y H K y p e u e n H o r o 3 a x u c T y TpaHc o p M a T o p a n igcTaHni i 
n C - 2 6 y B n p o B e g e H u f i po3paxyHOK no3goB>KHboro gH epeH^iaJ IbHoro cTpyMOBoro 
3axucTy Ta MaKcuMaibHoro cTpyMOBoro 3axucTy 3 KOMGiHOBaHHM nycKOM no 
Hanpy3i. 
3axucTy Big Mb^a3HHx KOPOTKHX 3aMHKaHb 3anponoHOBaHO 3axucT 3a 
g o n o M o r o i o pe i i e T u n y £ 3 T - 1 1 , g n a incoro 6 y B BHKOHaHHfi BuGip ycTaBOK i 
po3paxyHOK napaMeTpiB OGMOTOK peue. 
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